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1. PABSOThA OAO <<HHHFrC,> B OIBJIACTH TEHJI03AMIHTLI H HIPEOB;PA3OBAHH5I

TOHJIHBA. ALOCTHWKEHH5I H HIEPCHIEKTHBbl.

A.B. IKopa6ejibHHKoB, A.AI. KypalloB

GAO 0 'HHHFC)) XK ý((JeHuHeq)), CaHKM-Hemep6ypo

B pa6oTe paccmoTpeHE-1 0CHOBHbie Hay'IHo-TeXHH'IeCKHe nlpo6J1embi palpa6oTKH
YTHJIH3allHH TeCHjia H K0HBepcHH yrfleBo,2~opoaHoro TOH1JIHBa nHHmeHHTejibH0 K 3HepreTW'IeCKHM

H )lBHFaTejibHbI1M YCTaHOBKam pa3JIH'IHoro Ha3Ha-ieHHSI. Hp0BegeHHEJA UjHKYI pac'IeTHO-

TeopeTWI4eCKHX H 3KCHepHmeHTaJ~bHbIX HccjiegoBaHHrH 3aJI0)KHJIi 6a3Hc aJIA1 peiueHnsi MHOriTx

3a~aat, CTOSIIHX nepe.TI pa3pa6oT'qHKamH CHCTeMbi aK'THBHOH TeHrUoBoH 3iuIHTbI H

nipeo6pa3oBaHHA TOHIJIHBa LIlA Ha yrJ~eBo.L0poATHoM TorijImBe.

B xogte BbrnoJIHeHH5I pa6oTbI

- rnpOBeTICH aHBaJIH3 THHOB 3HLJ0TepMH'IeCKHX nipoileCCOB (TepMWieCKHe H

KaTajiHTWiecKHe), pa3YIHtaiom0UxcSI rio cKOPOCTH, TeRROIB0MY 344reKTY H C0CTaBy

InoJ~y'aembix rlpoALyKTOB;

- pa3pa6oTaHa ALByXCTynieH'iaTasi cxema KOHBepCHH )KHgKHx yrjieBOL~poAoB;

- C40pMyJIHpoBaHbI T'pe6oBaHHA K 6opToBbIM KaTaJIH3aTopam H TepmOXHMHtIeCKHM
peaKTopaM KaK 3i1emeHTam KOHCTPYKJXHH TpaHCrII0THbIX cpeJACTB;

- BbiJaejieHbI THrIbI KaTaJIH3aT0p0B (nnjaHapblme H KapKaCHbIe), HC1IOJIb3OBaHHe K0T0~bIX B

peaKTopaX TeHrIoBofl 3aLflHTbI nO3BOJIHT cgfeiiaTb HX KOHCTPYKUJHH JIeI'KHMH, rnpotIHbIMH,

HMCIOW1HMH maiioe TxgpaBJIHq-ecKoe COIIpOTHBjieHHe H BbICOKHe Teruiiomaccoo6meHHbie
XapaKTepHCTHKH;

- pa3pa6oTaHbi OCHOWb TeXH0JIOrHH raOeM~eKr H X0J1OaHOF0 ra3OaIHHaMHqecKoI'o

Hri~bIJIeHHAl KaTaJ1HTWxieCKHX HoKpbIT04;

- rlPOBCJ~eHb1 pac'IeTbI oTgIen~bHbIX Tepm0XHMH{ecKHX peaKT0P0B H HX CHCTem C HOMOIblO

pa3pa6oTaHHbix aJIr0PHTMOB H niporpamm;

- o6o6iueHbI pe3yJIITaTbi MHoro'IHcjieHHbIX nia6opaTopHblX H CTeHajoBbIX HCHJATafHHH

Tepm0XHMHieCKHX peKTopoB, nOKaObIBaIIoIHe BO3MO)KHOCTb TePMOXHMWI~eCKoro

npeo6pa3oBaHrnl HCX;jtHorO T0HIIHBa C pa3H0H CTenelfblO K0HBepCHH H B IflHP0KOM

XAHaria3OHe TeL1J10BbIX Har-py3oK.
,LJajibHeHkuHe fi1epcHCKTHBbI pa6oTb1 CBSI3aHbI c IIojiyT-HHCM H3 HCX0;jHoro

yrjieBoLi0pOLHoro TOIIJIHBa cmeceii pa3JIH'qHoro COMM~B H H3"IHHem nipouleccoB HX ropeHHAl,
HCH0JRhOBalHHeM B KaqeCTBe KaTaJIH3aT0p0B meTaJTU10B H cruiaB0B c amopcf1HoH,

MHKpoKpHCTaJIJIHT-ieCKoii H HaH04)a3Hor CTpyKTypaMH, a TaKx)K pC mpHe K pyra
paCapHami 3HAL0TepMHtieCKHX peaKuIA~l H YCJIOBHH M X H~pOBeL1eHHSI B pa3.JIHMIHbIX

3HepreTH~qeCKHX H ALBHraTeJIbHb1X ycTaHoBKaX.

1. WORKS BY HSRI INIPGSI IN THE SPHERE OF THERMAL PROTECTION AND
FUEL MODIFICATION. ACCOMPLISHMENTS AND PERSPECTIVES.

Korabelnikov, A.V., Kuranov, A.L.
Hypersonic Systems Research Instit'ute of the Leninetz Holding Company,

St. Petersburg

In this paper basic scientific and technical problems associated with heat utilization and
hydrocarbon fuel conversion as applied to energy and propulsion systems of various designations

are reviewed. The conducted cycle of computation-theoretical and experimental investigations

laid the groundwork for solution of many problems facing the developers of active thermal
protection and hydrocarbon fuel transformation system of hypersonic flight vehicle. In the
process of work the following was done:
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- analysis of endothermic process types (thermal and catalytic) that differ in velocities,
thermal effect and obtained product compositions has been performed;

- two-stage scheme of liquid hydrocarbon conversion was developed;
- requirements to the on-board catalysts and thermochemnical reactors as structural

components of transport vehicle were formulated;
- catalyst types (planar and frame) have been identified; their usage with the reactors

of thermal protection will help make their structures more light and durable,
possessing low pressure loss and high thermal-and-mass-exchange characteristics;

- foundations of gasthermal and cold gasdynamic spraying techniques for catalytic
coats have been developed;

- computations of some thermochemnical reactors and their systems utilizing algorithms
and programs developed have been carried out;

- the results of numerous laboratory and bench tests of thermochemical reactors
proving feasibility of thermochemnical transformation of the basic fuel with various
conversion degree and in a wide range of thermal loads have been generalized.

Further work perspectives are associated with the production from basic hydrocarbon fuel
of different composition mixtures and study of their combustion processes, utilization of metals
and alloys with amorphous, microcrystalline and n-phase structures in the capacity of catalysts,
as well as expansion the range of endothermic reactions under consideration and conditions of
their running in various energy and propulsion systems.

2. PA3PABGOTKA H HCCJIEAOBAHHE KATAJIHTH'IECKHX HAHOMATEPHAJIOB
C AMONDHOhR H MHICPOKPHCTAJIJIH'IECKOfl CTPYICTYPORA~LJLM HIAPOBOII

KOHBEPCHH YF-JIEBOVL0POVjOB

R. B. 4DapmaKOBCIKHfi*, T. C. BHHorpa~j0Ba*, A.B.Kopa6ejIbrnIKoB**,
A.J1.KypaHOB* *

* PIe~epwz7bnoe oocyoapcm6enuoe ynumapnoe npeconpui~mue IJenmpwl7b~bru nayEIno-
ucc,7e60o6ame,7bCKUfi uHemumym K1COHCYKIYUOHHblX mamepuaizoe "H7poMemefii"

CaHKM-H~emep6yp.-
* *OAO0 '(HHHIFC))XK ((JleHiu~etp), CaHKm-H7emep6ype

TexHoRorHsl roJy'ieHH5I BbICOKOri~pHCTOI'O KaTajiI4THq-eCKOFO HOCHTejIA RJIAUIMapoBoll

KOHBepCHH TOnJIHBa 3aKJIio'-1eTCA B HaHeceHHH HIopoLHKOBOii KOMHO3HIIHH, cocTosfelei M13
aJIIOMHHH31, rHXjpoKCiUga WThOMHHHS1 H HIPOMOTHPYIOIUHX .go6aBoK Ha meTanRJHmeCKyIO

HQLUJIO)KKy. CJIO>KHbie meTaJTJI-0KCH~jHbie CHCTembi Al/Ni/Cr/EP3M, HmeioiHe am~p4HyIO H
MHKpOKpHCTaRJIJH'IeCKyI cTpyKTypy, HIPO5BJIAIOT BbICOKMI KaTaJIHTHtieCKyLO aKTHBHOCTb B

peaiIsIH5X KaTBJIHTH'IecKoro OKHcjieHHA MeTaHa. KaTajiHTti,-ecKaA aKTHBHOCTb aMOpýHWbX

crinaBoB H3meHHeTC5I B UIHPOKHX ripe.Tjenax, 3aBHCHT OT HX XHmHxieCKoro COC~a~a H nacTo

ycHJIHaaeTcsi IIPH 6.T1aronIpHATHOM .IierHpOBaHHH H aKTHBaIIHH noBepxHOCTH. HanipHmep, afLim
HOBbiIIjeHHSI 34M4eKTHBHOCTH am~pcýHbX KaTwi~TI~opOB CHCTeMbI HHKeJIE.-aJIioMHHHii

npOH3BOflHYH xoRoAgHoe Fa3OAHHamHT-ieCKoe HaribIJIeHme cmecI4 HHKeJ1H H cejtHHeHHr4

aJ11OMHHHA M xHmmeC pacT~opeH~e aJIIOMHHHS{ B pacT~ope KOH, 'ITO IIpHBOTIHJIO K

yBejiHx-WHHI0 iIIepOXOBaTOCTH H o6meii JInoia~gH noBepxHOCTH. HlpaKTH'IeCKHii 1HTepec
npe,R~CTaajisieT MBegeHH B KaTaJIHTH'ieCKyIO KOMI103HLUHIO pa3JIHtIHE.IX nopoo6pa3yioiuHx
coetHMHeHH, H, KaK cJnegCTBHe, yBejiHMeHHe ygTejibHog rHOBepXHOCTH H KaTaJIHTH'IeCKOri'

aKTHBHOCTH o6pa3IOB.

M36bIT'IqHasI 3epHA~H amop4ýHOr COCTOSIHHSI meTaJIJIH'{eCKHX criiiaBOB no cpaBHeHH10 C
KPHCTaJTUIHL~dCKHM COCTOAHHHem HpeLzonpetej1i~eT rIOBbii1IdHHYIO KaTaJIHTHtqeCKyio aKTHBHOCTb

aMwpcýHbX cruiaBOB B p5ue2 upoueccoB OKHcjieHHSI. H~pHpoLa aKTHBHbIX ueHTPOB Ha
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nIOBepXHOCTH aMop4PHbiX CniiaBOB eme OaHO3HaMHO He yCTaHOBjieHa. HlperlroJIaraeTCA, 'ITO
aKTHBHbIe iUeHTpbI KpHCTaIJIH'IeCKHX H aMopcbHbIX KaTajIH3aTOpOB HgeHTHqHbI, TaK KaK 3HepFHA

aKTHBaIIHH pacmerieHiHA CBA3H C-O COCTaBJIReT 100±4 KA)K/MOJ-b, He3aBHCHMO OT COCTaBa

cnjiaBa H ero COCTOlHHAI (KpHcTanniiqecKoe, aMop4Ho-KpHcTajniHiecKoe, aMop43Hoe).
B BHiy OTCyTCTBHAI CHCTeMaTH'-eCKHX HCcJIeLOBaHHH BJIHSIHHSl 1H3MeHieHH1 HCXOHOH

aMopHOaHo CTpyKTypJb Ha aKTHBHOCTb, HaMH paccMoTpeHa aKTHBHOCTb KpHCTajIJIHqeCKHX H

aMopcbHblX KaTaJIH3aTOp0B OLHOii H TOi we CcHCTeMbi, noJIyqeHHbIX pa3JIHIHbIMH MeTo;aMH,

no1Ka3aHa iepcnIeKTHBHOCTb HCIIOJIb3OBaHHA KOM6H4HHpOBaHHbIX MeTO)QOB HIaHeceHHi

4yHKUHoHaJIbHbIX HOKpbITHrH KaTajIHTHMeCKOF0 Kilacca. OHTHMH3auHA XHMHqeCKoFo COCTMBM H

cTa6HJIH3aiiH5i aMop4bHoro COCTOAIHHAI If03BOJIRIT HaH6oJiee HOJiHO HCIOJIb3OBaTb BbICOKyIO
HJIOTHOCTb aKTHBHbIX IgeHTpOB, 6OJbIIIybO yieIbHyIO IIOBepXHOCTb aMop4bHbIX CnIIaBOB, HX

3HaMHTe~JbHyI0 IIpO'HOCTb H BAI3KOCTb gJIM perymIpoBaHHA KaTaJIHTHqeCK~OH aKTHBHOCTH H

TennJIopOBO.HOCTH IlaiiaHpHbIX KaTaAH113aTOpOB.

2. DEVELOPMENT AND INVESTIGATION OF CATALYTIC N-MATERIALS WITH
AMORPHOUS AND MICROCRYSTALLINE STRUCTURES FOR STEAM

HYDROCARBON CONVERSION

Farmakovsky, B.V*., Vinogradova, T.S*., Korabelnikov, A.V**. Kuranov, A.L**.
"* "Prometheus" Federal State Unitary Enterprise (FGUP) TsNII KM, St. Petersburg

**) Hypersonic Systems Research Institute of the Leninetz Holding Company,

St. Petersburg

Production technique for highly porous catalytic carrier required for steam fuel conversion
is in application of powder composition consisting of aluminum, aluminum hydrate and
promoting additives onto metallic substrate. Complex metal-oxide systems Al/Ni/Cr/XREM with
amorphous and microcrystalline structures display high catalytic activity in the reactions of
methane catalytic oxidation. Catalytic activity of amorphous alloys can vary in a wide range
depending on their chemical composition and tend to frequently increase with favorable alloying
and surface activation. For example, in order to increase efficiency of amorphous catalysts of Ni-
Al system, cold gasdynamic spraying of nickel and aluminum compounds mixture has been
performed followed by chemical dissolution of aluminum in KOH solution, the result being
increase in surface roughness and its total area. Of a practical interest is introduction into
catalytic composition of various pore-forming compounds and, as a consequence, increase of
specific surface and the samples catalytic activity.

Excessive energy of metallic alloys amorphous state as compared to crystalline state pre-
determines high catalytic activity of the amorphous alloys in a number of oxidation processes.
The nature of active centers on the amorphous alloys surface has not been established for a
certainty as yet. It is suggested that active centers of crystalline and amorphous catalysts are
identical as activation energy of C-O bond cleavage makes 100± KJ/mol irrespective of the alloy
composition and its state (crystalline, amorphous-crystalline, amorphous).

Due to the lack of systematic investigations on the effect of the initial amorphous structure
variations upon activity we have considered activity of crystalline and amorphous catalysts of the
same system that were obtained by different techniques and indicated the prospects of using
combined methods of functional catalytic coating. Optimization of chemical composition and
stabilization of amorphous state would allow usage to the fullest degree possible of the high
density of active centers, large specific surface of amorphous alloys, their significant strength
and viscosity required for control of catalytic activity and heat conductivity of planar catalysts.
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3. CYCHEH311OHHb61ft METOAL CHHTE3A KATAJIH3ATOPOB HAPOBOR
KOHBEPCHH YFJIEBOLAOPOALOB

E.A.BJaaCOB, A.JO.HOCTHOB, H.B.MajribIeBa, A.H.HlpoKcoIeHico
CanKm-flemep6ypcc~ufi 2ocJ43apcmeen11blu mexuohlo,?uiecKuui uncmumym

(Fexnuu'eCKuii ynueepcumem)

PewaemaMq B HaCTosimiee BpemS1 3azaqa C03,aaHH5I 3HepreTH'IcCKHx YCTaHOBOK MaJI09

e,L4HHHHHOHi MOUIHOCTH, pa6oTaiIoU~HX Ha pa3JIHMHOM yrjieBOJaOpQaHOM cblipbe, HO PSILXy HiHtWHH

He nO3BOJI1AeT HCHOJRMOBaTb cyiueCTBy1I0UjHe KaTaJIH3aTO~bI KOHBepcH4H. BHOBb Co3,aaBaeMbie
KaTaJTHTH tqeCKH aKTHBHbie KOMHO03HTbI A0~JIKHbI o611ag~aTE, p5uom YHHk(anbHbIX xaa~pCH H,

B nepByio oqepegzu, o6ecnietHBamE BbICOKyIO alTHBHOCTE.O B I11HPOKOM HHTepBaI~e TeMniepaTyp

HpH KOHBepcHH )KH,L4KHX H ra3006pa3HbIx yrneBO0A~po;joB. On~bIT 3KCHjiyaTauHH KaTajiH3aTopOB
HaHeceHHoro Tilna, Hiojly'IeHHbIX c ripHmeHeHHem pa3JIH tIHbIx HaHOTeXHojiorHr1, noKa3bIBaeT,

'ITO OCHOBHaA npo6J1ema 3aKJ11o'IaeTCA He B Bb16ope KaTaJIHTH'ICCKH aKTHBHOfl KomrHO3H1HH, a B
3aKpeflfleHHH KOMrHO3HTa Ha nOBepXHOCTH meTaJIYIH'IeCKorO HOCHTCJiM. OCHOBHaJI rpHt'wHa

CHHKeHHSI aKTHBHOCTH TaK1HX KaTaJIH3TOPOB o6ycnIoBneHa pa3pyliiCHHCm cjioS1 aKTHBHoro

KOMrHOHeHTa HO2A B03AeIejCTBHem OKHCJIHTeJILHori cpeaIbI H BbICOKOii TeMniepaTypbl, 'ITO

o6sLACH~eTC5I pa3JIH'IHbIMH K03c44HrIHeHTamH Tenp~y~r pacLiIHHpH51A HIOARO)KKH H

HaHeCýHHorO KOMHO03HTa. H~por-peCC B peuieHHH gaHHOii npo6Ytembi MO)KCT 6LITm XAOCTHrHYT

fipi HCHOJ~b3OBaHHH KaTaJIH3aTOpOB C BTOpH'IHbIM HOCHTeJIem, KOTOPbIii BbIHO0JIH31eT POREb

ATemn~epa me>K1ay meTajijiH'IeCKOH4 OCHOBOii H aKTHBHbIM ComrioHeHTOM.

TeXHoJnorHH CO3JgaHHS? KaaH~p meTOJOM cycrieH3HOHHoro HaHeceHH5I BKjHOii<)iT B
ce63i TpH OCHOBHbie CMaJHH:

I1. H~owrOTnBza H aKTHBa1UHA meTaTiJIHtieCKorO HOCHTCJiiA - ro4pHpoMaHHorl JICHTbI H3

cnnia~a X 15105.
2. HaHeceHHe cycneH3HH BTOPH'qHoro HOCHTeJIiq, npHIoTOBjiCHHOii meTO90M MexaHo-

XHMH'IeCKOr4 aKTHBaIUHH H nocniegymoiasi~ Tepmoo6pa6OTKa. OCHoBY y crCHH3HH
COCTaBJISHOT . p3JIH'IHbie MoAI4)HKauHH OKCHTa aJ110MHHHSI c

TepmoCTa6HJIH13HPy1IoUHMH H C~rpyKTypoo6pa3yIo1UHMH .go6aBKamH.

3. BBeJqeHHe HHKejibcog1ep)Kaiuero coeJWH~HHSI H Tepmo6pa6OTKa KaTaJIH~aTopa.
ARAn~ OnTHM113a1jHH CTPYKTY~bI H IIPO'IHOCTHE-IX xaa~PCH KOMrHO3HTa, COCToxiijero

H3 riepBH'IHorO H BTOPH'IHOrO HOCHTeJieHi, H~pOBeIeHbI Hccnie;OBaHHS[, KOTOpbIC nO3BOYIHJII4

YCTaHOBHTb KoppeJInJuHo mewzTy peojiorH'IeCKHMH flOKa3aTeJIM1MH cycneH3Hrj BTOPH'IHoro

HOCHTCJiSi H xaa~PHT~M CHHTe3HpOBaHHbIX KOMHO3HTOB. OiipealenieHbl MHHHMaJIbHbie

3Haqe~HH5 BCJIH'IHHbl CAB~rnaio~uero HanipsAfeHH45, TIIH KOTOpbix raaTPeC HawJ1"II1CC
KOHTaKTHPOBaHHe pa3)KH)KeHHOr4 cycHCH3HH4 H aKTHBHpoBaHHoii 1IOBePXHOCTH 11CpBH'IHoro

HOCHTeJIH. PeHTreHO~a3OBimM alHaj1HOM YCTaHoBJICHO, 14TO Tpe6yemble nMHpOIoCTHbeW

xapaKTepHCTHKH KOMnO3HTOB onpeejxeiA1oTCs XHMH'ICCKHM BMaHmogerHCTBHem COCTaBjYUUoLUHX

rHepBH'H~orO H BTOPH'qHorO HOCHTeJieri.

OnpexieuieHEI fOKa3aTeJIH aKTHBHOCTH4 CHHTe3HpOBaHHbIX KaTajiH3aTopOB B 3aBHCHMOCTH

OT COCMM~ BTOPH'IHorO HOCHTCJIH H yCJRoBHii HaHeceHH5I H TepMOoo6pa6oTKH cycHCH304H.

YCTaHOBJieHO, WIO HcHOJ1E-3OBaHHe pa3pa6oTaHHbIX KaTajiH~aTOpOB rIO3BOJTSIeT o6ecnie'HBaTb
CTerHeHb KOHBecCHH me~a~a Ha ypOBHe 80-90% OT paBHOBeCHorO 3Ha'IeHH5I.

3. SUSPENSION SYNTHESIS TECHNIQUE FOR CATALYSTS OF STEAM
HYDROCARBON CONVERSION

Vlasov Ye.A., Postnov A.Yu., Maltseva N.V., Prokopenko A.N.
St. Petersburg state technological institute (Engineering University)

The problem of production for low unit power energy systems operating on various
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hydrocarbon feedstock, presently under solution, for a number of reasons does not allow
utilization of the existing conversion catalysts. Newly created catalytically active composites
should possess many unique properties and, first of all, they are to ensure high activity in a wide
temperature range at the conversion of liquid and gaseous hydrocarbons. Operating experience of
the supported catalysts obtained by various n-technologies indicates that principal problem is not
only one of catalytically active composition selection. It is mostly of a composite fixation on the
surface of metallic carrier. The major cause of activity degradation for such catalysts is due to
the active component layer destruction under high temperature and oxidizing medium because of
different coefficients of thermal expansion for substratum and composite applied. Much progress
toward the solution of this problem can be achieved by using catalysts with secondary carrier
which serves as damper between metallic substrate and active component. Catalyst processing
technique by suspension application consists of three basic stages:

1. Preparation and activation of metallic carrier - corrugated tape made of the alloy
X15105.

2. Suspension of the second carrier application prepared by mechanochemical activation
and subsequent thermal treatment. Various modifications of alumina (A120 3) with
thermal stabilizing and structure-forming additives lie at the base of the suspension.

3. Introduction of nickeliferous compound and catalyst thermal treatment.
In order to optimize structure and strength characteristics of the composite consisting of the

primary and secondary carriers, a number of investigations have been conducted which allowed
establishment of correlation between rheological indices of suspensions for the secondary carrier
and characteristics of synthesized composites. Minimal values of shift stress are identified under
which the best quality of contact of liquefied suspension and activated surface of the primary
carrier is guaranteed. It was established through X-ray phase analysis, that the required strength
characteristics of composites are determined by chemical interaction for the components of the
primary and secondary carriers. Activity indexes of synthesized catalysts depending on
composition of the secondary carrier as well as on suspension application and thermal treatment
conditions have also been defined. It was found that usage of the developed catalysts allows
ensuring of methane conversion degree at a level of 80-90 % of equilibrium value.

4. JIIA3MO-XHMHqECKA5I KOHIBEPCH5I )FTEBOJOPOAHIOFO TOIIRIIBA B
CKOPOCTHOM HOTOKE

C. AIeoHOB, 1. 51paHiLeB
HBTAH, MocKea

A. HanapTOBH-I, H. KOieTOB
TPHHNTH,, MocK6a

)aIaHHaA pa6oTa nocBlLueHa npo6nieme yJIy'iLeHH1 npotlecca BbICOKOCKOpOCTHOrO ropeHHA.
I4crnoJIb3OBaHHe TpaaHI1HOHHOFO aBHaIiHOHHOFO TOIIJIHBa B Fa3oTyp6HHHOM (TPAT) H, Tem 6onee,
np1IAMOTOqHOM ABHraTe~ie (FHBPL) orpaHHTIeHO CJImIIIKOM 60onbIIHM BpeueueM HHHgHI•a•H
nogn)Kra H npoxoi)KeHsA peamuuH ropeHHA B TeXHWiqeCKH I IHeMJIeMbIX yCJIOBHAX. O)nHHM H3
pa3pa6aTmBaeMblx cnoco6oB ycKopeHA xiHMHqeciKHx peaKiir ABJIAeTcA npeo6pa3oBaHHe

(KOHBepcHA) TonYJIHBa. CpegHi H3BeCTHbIX MeTO9OB KOHBepCHH TOnJIHlBa CaMbIM MHoroo6eiuamottMHM,
BO3MO)KHO, 5IBJ5IeTCAI nJIa3MeHHbTi MeTOg. TeM He MeHee, BIIJIOTh 4rO Hacwosilero BpeMeHH He

6bInO npoBegeHo HI! noJInoro aHaYIHTHTIecKoro pacCMOTpeHHA, HH 3KcnepHMeHTaJabHnor

JaeMOHcTpaUHH npeo6pa3oBaHnH3 TASKeJIoro yrneBoAopo0Horo TOJIRHBa c HOMOMIIWIO nJRa3ubI

3neTpW'iecKoro pa3p5iga.
IjA_3eA "rjia3MO-HHqy4HpOBaHHOrO ropeHHA" cogepKHT HeCKOJIbKO Ba)KHbIX qacTeri:

nJIa3MeHHbIiM noL))KHr nocpeqCTBOM XHMHqeCKOH aKTHBaULHH OKHCJ1HTeJii H TOrIIJHBa, ropesne
6e)JHbIX cmeceH, HTeHcCHbHKauIHA cMemeHHsl, cTa6HJ1H3aIJ•Is 4pOHnTa UJIaMenI!, yBeJiHLweHHe
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nOJIHOTE.1 cropaHrni H T.)J. [1-3]. 3Ta pa6oTa nocBsIIIeHa HHTeHCH4)HKawmI ropeHHI c nomoulbio

npeo6pa3oBaRHHA TOHJTHBa [4-7].
143BeCTHO HeCKOJ~hKO meTOX9OB npeo6pa3oBaHHAu yrJ~eBoaTopOaIHorO TOHijIBa, TaKHe KaK:

6ap6oTa)K, o6pa6om~a yjibTpa3ByKoM, HaCJAIIuCHHe BoTOpO,2AOM, aKTHBa1uHS Ao6aBKamH, TepMO-
xHmW-IeCKaJI KOHBepcHA. HeKoTopbie H13 HHx 6bu111 npOTeCT1HPOBaHbi 6ojiee-meHee ycnieUlHO.

F)OJ~bI.UHHCTBO 113 HHX OCH0BaHbl Ha pa3pyl~eHH11 TADKdJlbIX mojieKYJI H/HJTH BbICBo6oI(IaeHHH

Bo,IJopoJaa. Fniy6oKo rlpeo6pa3oBaHHoe y ieBo~jopo~iuoe TOrIJIHBO o611agae'r He TOJIbKO ropaw~i
6ojiee HH3KHM epeme~eM 1HHAYKLIHH, HO H 6oniee BbICOKOii 34~4eKTHBHOCTb1O B
TepmOIj14HaMH tieCKOM LU{KJIi c ropeH~em (6onee IIOJIHoe HCflOJ~b30BaHHe 3KceprHH). KaK
ripaBHJIO, PaBHOBeCHoe rlpeo6pa3oBaHwe ToruIHBa He Arafr 6oJMImoro BbiHrpbflha. rlpHmeHeHHe
Bb1COKO-11oTeH~jHaJIbHOfi MOI1UHOCTH H HepaBHOBeCHJJIX ripoueccoB MO)K&T r~pHBoqLHnh K re~epainim
6oJ1binei 40~JMH Bo36yX(96HHLDC pwWtKUJOB H aKTBHbIX MOJIeKyTI c MeHbumeii cpeaiijeii maccorl.
OLjHHM 113 TaKHx meT0gOB A1Bji5ITC5I HJa3meHHoe npeo6pa3oBaHHe TorIjIBa, npe~iraeMoe B 3TOrl
pa6oTe.

MexaHH3Mbl npeo6pa3oBaHHAs yr~ie~ogopojt~oro- --

TONHJUBa 3jieKTpHq-ecKHmH pa3pSUIaMH B BbICOKOCKOPOCTHOM BoAYX KepOCWIH

flOTOKe moryT 6bEm nepetwcneHM i fegIytoILmm o6pa3om: -

6bIcTpb1ii R.TIOE~Hbdi HarpeB cpegbTi AlO BbICOKoAi Harpen Mcnape~rne

(T»>2kK) TemflepaTypbI; cIeIlHýMneCKHe XHMHq-eCKHe

peaKUHH C HepaBHOBeCHO Bo36yWAýHHbIM B03XJXOM (B F&v-.7`1
OCHOBHOM, C ~TM~aHbIM KHCJIOPOJZOM H OKcHJIaMH MOMa); _______

BO36y)KqJeH~e, HOHH3aIIHA H )XHccouHaIIHS mojieKyji
3jiemTpOHHbIM y~gapom; ýoT0-2AHccoij~aIIM H HOHH3aIUI5; -

aKTH4BaLufS Cpe~b1 C HOM0IIAbO yaIapHbIX BOJIH,
re~ep~pye~bIX HMH~yJ~bCHbIM HJTH HeCT81IHOHapHbMM ______

.3jieKTrpWecKHm pa3pSUIom. YnpomueHasI cxema npouecca m~~~R~~UU~

HJii3meHHOrH KOHBepcHH IHOKa3aHa Ha pHcyllKe.
B pa6oTe 0HHMCLIBaI0TCA pe3yJlbTaTbI pac'IeTHO-TeopeTH'lecKoro allaJIH~a H

3KCnepHmeHTaJ~bHaI )teMOHCTpautHA 344eKTa HepaBHOBeCHOr KOHBepCHH 3THjIeHa K KepOCHHa B
H~OTOKe. CpeaH1 rHepBbIX 0TmeTHM

cJIegJymaui~e: aHaIH13 TepMQLLHHaMHqeICKOrO gjHKJia, pac'1&rHbrk ii iH~JI3 nnla3mo-XHMH'ieCKHX

fipoileccoB, moge~jiHpOBaHHe noAl)KHra MOJU44HHUHPOBaBHHor TorIJHBa Ha 6a3e peJ1YLWpOBaHHor0
Tepmo-xHmH'iecKoro Koga, MoXIMJTpoBaHHe onTHqecKHx cneK-IpoB.

DKcnepHmeHTajibHasT YCTaHOBKa pa3pa6oTaHa Ha OCHoBe onrrbia 3KcHJ~yaTaUXHH
BO37AymHo-xepOcHHOoBro nIia3meHHor0 reHepaTopa. XapalcTepHCTHlcn riiJi3meHHOro re~epa~opa
no npeo6pa3oBaRHHO TOflJIHBa HCcfleaOBaHbI B 3aBHCHMOCTH OT pe)KHMOB pa6OTr:i H TeCTOBbIx
napameTpoB. 1l3mepeHbI BpeMS1 HHzfyyIjHH (aBTorioaxfcrn B cmCCH C Bo3,IayXoM)
MoA2t4~HIHpoBaHHOr0 TOHJIHBa H npo~e~jeHo cpaBHeHHe ero c npeBoHaqajibHoiH BeJIHMIHHOHi H~11
TOA wKe TeMnepaType. [IpoBegeH yrIpOIIeHHblii xHmmiecKHrl aHaJIH3 HpoUMcoB Hnia3MveHHoii
KOHBepCHH.
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1998.

4. PLASMA-CHEMICAL REFORMING OF HYDROCARBON FUEL INFLOW

S. Leonov, D. Yarantsev
IVTAN, Moscow

A. Napartovich, I. Kochetov
TR1N1TI, Moscow

The work is aimed an enhancement of high-speed combustion process. Utilizing of
conventional avionic fuel in scramjet is limited by too long time for ignition and combustion under
technically reasonable conditions. One of contrived ways is the fuel reforming. Among known
methods of fuel reforming and modification a plasma method, probably, is the most promising.
However up to now there was no neither complete analytical considering nor experimental
demonstration of heavy hydrocarbon fuel reforming by means of plasma of 6lectrical discharge.

Well known idea of the "plasma-assisted combustion" contains several important domains:
plasma-induced ignition due to chemical activation of oxidant and fuel, combustion of lean
mixtures, mixing intensification, flame-holding, completeness enhancement, etc. [1-3]. This work
is devoted to problem of combustion intensification due to fuel reforming [4-7].

Several methods of hydrocarbon fuel modification and reforming are known: barbotage, ultra-
sonic treatment, saturation by hydrogen, activation by additives, thermo-chemical conversion. Some
of them are tested more-less successfully. The most of them are based on heavy molecules breakage
and/or hydrogen release. A deeply converted hydrocarbon fuel possesses not only much lower
induction time but also more effective potential in thermodynamic combustion cycle (more
complete exergy utilization). As a rule the equilibrium transformation of the fuel doesn't give a
large benefit. Utilizing of high-potential (high-density) power deposition could lead to generation
of bigger share of excited radicals and low-mass active molecules. One of such methods is a
plasma's reforming of the fuel, proposed for this work.

The mechanisms of the plasma reforming of the
Air Kerosene hydrocarbon fuel by electrical discharges in high-speed

flow can be considered and listed as following: fast local
superheating of the considered and listed as following:

Heating Evaporation fast local superheating of the medium; specific
chemical reactions with highly excited air (atomic
oxygen and nitrogen oxides, mainly); molecules' strong
excitation, ionization and dissociation by electron impact;
photo dissociation and ionization; medium activation due
to shock waves generated by pulse or unsteady electric
discharge. A simplified scheme of plasma reforming

* processes is shown in the figure. The work considers
hnection to engine theoretical analysis and experimental demonstration of

the effect of nonequilibrium conversion of ethylene and
kerosene in flow. In the first field are the following ones:

thermal cycling analysis, computational analysis of plasma-chemical processes, simulation of
modified fuel ignition on base of reduced thermo-chemical code, optical spectrum simulation.

The experimental facility is designed and assembled on the base of experience in exploiting
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of the kerosene-air plasma generator. A performance of plasma generator to fuel reforming is
being studied in dependence on operation modes and test parameters. The induction time of self-
ignition at mixing with air of modified fuel is measured and compared with initial value under the
same temperature. A simplified chemical analysis of products is fulfilled.

References:
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5. IIHCJIEHHOE MOjLEJ1HPOBAHHE HJIOCI(OFO TXP C ABYM51 CTEHKAMH
KOHExIHOR TOAM14H1bI

A.B. IKopa6eji1bnmCOB, A.A. KypaHoB, A.B. DeJgOToB
OAO ((HHH7FC) XK ((Jfenuneyp), C'aHKM-Them~p6yp2

TeTInOBasI 3aIIIHTa TeIIJIOHarHPADKeHHbIX qaC~eH rHHep3BYKOBoro n7eTaTeJ~bHoro annapa~a
(JIlA), RLBH>KymLeroCAI B rIJIOTHbIX ciiosix aTmoc(~epbi c rHrnep3ByKoBOri CKOPOCTblo0, 5IBJI5IeTC5 B
HaCTosiuee BpeMSI OA1HOri 143 HaH6oJnee aKTyajibHEIX 3agat1. B FJIA no KOH~jJ~rHIHH <(AsKc»)

Hipe~AnojlaraeTcAl, 'ITO B HaH6oJIee TeIIJIOHanpSD)KeHHbIX qacTsix uilaiiepa H jABHraTejI5I
pa~meiiiaioTcA KaTaJIHTH'ieCKHe TepmoxHmH'IcCKHe peaKTopbi (TXP), B KOTOPbix 6y;nyr
ocyiuCTnecAimbcA 3HAOTepmH'ieCKHe nipouecchi pa3jioKeHHAl HCXOLaHoro yrnieBAOopoxaoro
ToHIJIHBa, Bn'aCTHOCTH, n~apo~aas KOHBePCHSA meTaHa H ero )KHJAKHX rOMOJIOrOB.

B HacTo5Imflei pa6oTe nIpo~egeHo 'IHcJIHHoe Hcciiego~aane n~RocKoro TXP c y'IeTOM
conipAnKeiroro TeniJIoo6meHa mC)KTly CTeHKaMH KoHe'-lHOri TOJI1flHHbi H ra3OBOr cmecblo B

npoToIHoi 'iaCTH peaKTopa. OnHcaHa 3a~raaIa o Te tqeHHH XHMH'qecKH pear~pyMotier CMCCH B
TXP H nocTaaji-eHa 3ajgaý-a TeHJIOHPOBO)IHOCTH B c~eH~ax TXP C Ko3cFýfluHeHTOM
TenRonOrpBO~IjHocTH, 3aB1HCARHHM OT TeMnepaTypbI. Ha ocHoae pa3pa6oTaHHblx aJIrOpHTMOB H
riporpamm OC1XCTjeb m~rnpmepi~ 'IHCJIeHHbie HccjIeL(OBaHHS[ 34MýKTHBHOCTH
pa6oTbj TXP. H1oKa3aHo, M-TO yq-eT COnpsnKeHHoro TenJloo6meHa CHH>KaeT xaa~PHTK TXP
HO YTHJIH3aLlHH TerLjiOoBro HOTOKa B pacCc'HTaHHOH KOH4HrypaLUHH peaK~opa Ha 20%.
AJeTaTibHoe paccmo~peH~e 3aBHCH4MOCTH ripoijeCCOB TerIJoo6meHa OT BeJIH'IHHbI BXOJAHOil

Te~nepa~ypEJ B TXP nO3BOJIHJIO c.T]eflaTE, BbIBO~j, WIO ra3o~aas cmecE. c T,, = 400'C cnoco6Ha
flriornomTb 6ojimuI~e TeHJIOBbie HiOTOKH, a cmecb c TBX, = 700'C o6ecnje'IHaaeT Ha Bbixo.71 TXP
6onibuiyfo'BejIH'IHHy MOJIbHbIX KOHaeHTpauHA9 Bo~opoga H OKHCH yrniepozia. Heo6xoaiHmo
OT~feTHTb, W-iO rJlOCKill- TXP mo>KeT CJIY>KHTh 344eKTHBHLIM YCTPOrHCTBOM )XIRA oxna)KeHns'
TerHJIOHaHPADKCHHLIX HIOBepXHOCTeg H o6edne'-IHBaTb Ha BbIXoXt H3 Hero MOJH.HybfO
KOHL1eHTpaUHIO Bojlopoaa 0,4 - 0,5.
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5. NUMERICAL MODELING -OF PLANAR TCR WITH TWO WALLS OF THE.FINITE-
THICKNESS

Korabelnikov A.V., Kuranov A.L., Fedotov A.V.
Hypersonic Systems Research Institute of the Leninetz Holding Company,

St. Petersburg

Thermal protection of the heat-stressed parts of a hypersonic flight vehicle (HFV) moving
in the dense atmosphere with hypersonic velocity is at present one of the most pressing
problems. In the HFV under Ajax concept it is assumed that in the most heat-stressed parts of
airframe and engine, catalytic thermochemical reactors (TCR) are placed wherein endothermic
processes of the initial hydrocarbon fuel decomposition will be realized, and particularly, steam
methane reforming as well as its liquid homologues conversion.

In this paper numerical investigation of a planar TCR has been carried out with
consideration for conjugate heat exchange between the walls of the finite thickness and gas
mixture in the flow part of the reactor. The problem on the reactant mixture flow in TCR is
described and the problem on heat conduction in TCR' walls with thermal conductivity
coefficient depending on temperature is stated. On basis of algorithms and programs developed,
multi-parametrical numerical investigations of TCR operational efficiency have been performed.
It was shown that conjugate heat exchange decreases TCR capacity for u'tilization of heat flux in
design TCR configuration by 20 %. Further consideration of heat exchange process
dependencies on the quantity of TCR input temperature allowed to draw a conclusion that gas
mixture at Tin = 4000 C is capable of absorbing large heat fluxes and the mixture at Tin = 7000 C
ensures high mole concentration of hydrogen and carbon oxide at the TCR' outlet. It is worth
mentioning that a planar TCR may prove to be very efficient device for cooling of heat-stressed
surfaces and ensuring hydrogen mole concentration within 0.4 - 0.5 range at the reactor's outlet.

6. PAC'IETHbIII AHAJIH3 XAPAI(TEPHCTHK BhICOKOCI(OPOCTHOII
HIP5IMOTO'IHOII ,TBYXPEAKHMHOft KAMEPbI CIFOPAHH5I, PABOTAIOLUE HA

YFJIEBOJAOPOAHOM TOHJIHBE B PEWIHME KHCJIOPOrlHOH4 KOHBEPCHH

E.A. MenmepflKOB, A.FD. 'IeBaFHH, B.fl. CTapyxHH
IL1AFH, MOCKea

Pa3pa6oTaH KBa3HO,1HOMepHEb1ri meTOAL pacqe~a TeTIeHH5I B BLICOKOCKOPOCTHOHr

TI~pSMOTO'rnOAi AIByxpe>KHMHOii Kamepe cropaHH31 H IlPOBegeHi-m pacqe~bl T5IroBo-3KoHoMWqecKHx

xapaK~epHcTHK (TDX) ABurarejris, pa6oTaiowuero Ha KepocH~e C K0344cHu~HeHTOM H36bITKa

OKHCJIHTCJiSi (X=l, B HI1HPOKOM jl~ana3o~e HaxiaJ~bHbIX H rioJ1THbIX q~ceff MH, (MH Ha,.= 3 -6;
M.=3+12). MeT~qL OCHOBaH Ha 'qHcJI0HHoM HHTeI'pHpOBaHH1H ypaBHeHHri coxpa~eHMAi B
co~LeTaHHH c nipogeaypoii rjio6ajlbHEIX H~repagi~ir, c yT1eTOM KOHe'IHbIX cKopocTeii xHmwqecKHx
peaKUHi4, TpeHHS1 H TeriiJoOTBoL1a Ha CTeHKaX KaHaiia.

HlpoaHaJTH3HpOBaHbI BO3Mo)KHOCTH 4ýOpCHpOBaHH5I TS'H JAByxpeKHMHOI-O ABnraTeiix C
IIOMOIUMhO A~rHOJ1HHTejibHofi iojgaxiH KHcjiopo2aa B Kamepy cropaHHsi B peKHme
npeArBap14TeYibHoii KepocHH0-KHCJ1opo;JHoH KOHBepcHH B aBTOHOMHOM ra~ore~epa~ope (c
c',,r<l) 1H HiH HipSMOM BAyBe KHcJ1opoXa B KaMepy. KHc.JIOPO~Ruoe 4OPCHpOBaHme pa6oTbI

ATBHraTeJI5I 3HaT-IHTCJTbHO (B 1,65-÷2 pa3a) nOBbiillaeT Ko34liHnuHeHT TAMH TBHraTeJ15I npip
OqHOB3emeHHOM CHH)ReHHH ero ygenibHoro HMnIyJlbca. (DpHOa~ T5WH ileiecoo6pa3Ho Ha
CTragiHi pa~ro~a JIA H BbIBoga eFo Ha Mapill.

H~pe)IJBapHTeJ~bHa31 KHCJIOPOAHa5 KOHBepCH5I KepocH~a r1O3BOJI5IeT 3ameTHO pac~uHPIHTb
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npeaejibi camOB0cnJ1ameHeHHSI ropio'ieH CMCCH B Kamepe cropaHHS1 B CT0POHY meHbIUHX MIHcJil

MH BnJIOTbajo MH=4 H, Tem cambrm~, o611erqHTb npoilecc nHHYITHpoBaHHHi ropeHHAi fpH HaH6oflee
TPYAHbIX CTapT0BbIX YCJIOBHAlX.

Pa6oTa BbMIIJIHeHa ripH 4WHHaHCOBor i4 o~ep)KKe P0011, HipoeKT 06-01-00318.

6. COMPUTATIONAL ANALYSIS OF THE CHARACTERISTICS OF A HIGH-SPEED
STRAIGHT FLOW TWO-MODE COMBUSTION CHAMBER OPERATING ON

HYDROCARBON FUEL IN THE OXYGEN CONVERSION REGIME

Meshcheryakov Ye.A., Chevagin A.F., Starukhin V.P.
TSAGI, Moscow

A quasi-one-dimensional method has been developed for predicting flow in a high-speed
straight-flow combustion chamber and computations have been caried out of an engine operating
on kerosene with an excess-oxidizer coefficient of a=1 mixture a wide range of initial and cruise
Mach numbers (Mi,=3. .. .6, Mauise= 3... .12). The method is based on numerical integration
equations in combination with a procedure of global iteration with regard to the finite rates of
chemical reactions, friction and heat removal at the channel walls.

The fusibilities have been analyzed of thrust augmentation of a two-mode engine with the
help of additional injection chamber in the regime of preliminary kerosene-oxygen conversion in
an autonomous gas-generator (with a«1<) and through direct injection of oxygen into the
chamber. The oxygen-aided augmentation of the engine significantly increases the thrust
coefficient (by a factor of 1,65... .2) and simultaneously decreases its specific impulse. Thrust
augmentation is advantageous during acceleration of the aircraft and its transition to the cruise
regime.

The preliminary kerosene-oxygen conversion allows one to significantly enlarge the
limits of self-ignition of the combustible mixture in the combustion chamber towards lower
Mach number up to MH=4 and thereby to simplifyr the process of combustion piloting at the most
difficult star conditions..

This work has been carried out under RFFI financial support, Project N06-01 -0031 8a.

7. HCCJIELJOBAHHE PAB;O 1 E]FO HPOUqECCA B Bb1ICOKOCICOPOCTHOR
HPSIMOTO'IHOR ICAMEPE CrOPAHI4S C TEPMOXH4MH'IECICOIR

HOArOTOBKOf )KHAKoFo YFJIEBOALOPOIHOFO TOHIIHBA

BJoiio~eHICO O.B., 3oCHMOB C.A., HmcorijaeB A.A., OCTpacb6 B.H., CepmaHoB B.H.,
'qeBarHH A.D
L(44 H, MocKea

H~poBe~1aeHo 3K~pmHabo Hccnie.I0oaHHe pa6otiero npoulecca B mo.TeilbH~r4
cTynieH tiaTor Kamepe cropaHHsi (KC) c HipeaBapKTeJibHO11 TepMOXHMWqecKiior 17O2WOTOB3KOil

TOHinHBa B aBTOHOMHOM peaKTope, pa6OTaioiueM Ha KepOCHHC H B03Jgyxe.
Kamepa cropaHHsi Hmeia rijioc~or KaHBJI c Jinoull]~bIO BXojga 30x100 mm, C0CT0auqiimr H3

.nByx nona~~nH paciojio)KeH~bIX AIpyr 3a gzpyrom, coC)AHHeHHbIX ýiepe3 cTynieHbKy,
yqaCTKOB.

B KC rioqLaBa-THcb HpOJIYKTbI TepMOXHMIUqeCKOH_ KOHBepcHH KepocH~a C B03,L4yXOM
113 aBTOHOMHOrO peaKTopa HOpMaJ~bHO HOTOKY x~epe3 OTBepcTHA, pacrolonoKeHl-bie Ha

CTeHKe B KOHITC repejA~ero yqiaCT~a nepe~i YCTynoM.
Pa6o1iHA npoilecc B ra3oreHepaTope-peaKTope ocymIecTasIqeTcsi no 4BeyXCTyneH,-aTor1

cxeMe. B nepBori c~yneHH 3a c'leT c)KHI-aHHM KepocH~a B B03,ayXe, rig~amI B
ra3oreHepaTop, ocmCBICC Ho.T~rpeB3 B03ALyWLHOr'O HOTOKa ;1o T=1 500 K. Bo BTOpOii
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CTyIIeHIH (peaKTope) B BbICOKOTeMnepaTypHbIH ra3oBbIH HOTOK, riocTyriaioiirii H3 niepBoi

CTynIeHH, nolaBaJIC3 2,OII0J1HHTeJIbHO KepoCHH c cu=0, 1 ... 0,4 H oCyI/eCTBJIAJIOCb
TepmoxHMH,-ieCKoe ero pa3JIo)KeHHe Ha BbMC0KOaKTHBHbIe ropio-Ime KOMHOHeHTbI: H 2 , CO, CH4 IH

tIp. OTHOCHTeCIbHbII BeCOBOH pacxogJ Bo3.9yXa ,-epe3 ra3oreHepaTop no OTHOUICHHIO K pacxogLy
BO3,ayxa Ha BXOae B KC COCTaBjSI•i 7%.

HccnenoBajoCb BRIHJHHe Ha n~poTeKaHHe, xapaKTePHCTHKH H 34M1JeKTHBHOCTb pa6oero
npoijecca B KC KO34JcjmHuHeHTOB H36bITKa BO3gyxa B peaKTope H B KC, ,JIIHHbI y'aCTKa KaHana
F=const 3a ycTynoM.

B pe3yJIbTaTe HccnegLoBaHHi• nojyxieHo:
- npl rioga'e B KC npoIqyKTOB TepMHqecCKoro pa3.io)KeHH• KepOCHHa B BSO3,ayxe nplI

o=0,1 ... 0,4 H4 TeMnepaType B ra3oreHepaTope T=1200... 1800 K npOHCXo09HT HX
CaMOBOCnJIaMeHeHHe H B KC yCTaHaBJIIBaeTcA yCTOiPqHBbIi pew)HM FopeHHA;

- ropeHIe nppOqYKTOB TepMH•IecKoro pa3Jio)~eHHA KIepOCHHa nepBOHa,-JIbHO nIpoHCXotHT
B KOHUie nepe)lHero ytacTKa KaHaia B o6IaCTH nojgaqH C TeHJ1OBbIM 3anipaHIHeM H
o6pa3OBaHHeM nceBAocKaqKa BbIIiie O nOTOKy;

- B 3aaJHem yIaCTIe F=const rIpH a=1,5... 2,5 lHpoHCXo•,HT goropaule c HOJIHOTOrl
cropaHHA 0,8... 0,9 H o6pa3oBaHHeM Teq-IeHHA THria nceBAOcKaInKa, a npiH ocý_3 peajiH3yioTCI
CBepX3BYKIOBIe pe)KHMbI TeqeHHnA.

HIpoBegeHHbIe HCCJ1e•IOBaHHA noKa3a~ii BO3MO)KHOCTb HCI1OJIb3OBaHHAI Ipe)jBapHTeJ/bHOi

TepmoxHMHwlecKoi nrHOOTOSBKH )KHIKOFO yrjieBOOpOjiPHorO TOIJIHBa B aBTOHOMHOM peaKTope
jIiA opraH4H3aIxHH BbICOKO3cq4IeKTH4BHoro pa6oqero rIpouecca B KaMepe cropaHs•l, pa6oTaboeLei

IpTH CBepX3ByK<OBO• CKOpOCTH H BbICOKOH 3HTajIBIIHH InOTOKa Ha BXoge.

Pa6oTa BbrinoJIHeHa npIH 4HHaHCOBOH noaaepACe PcLXI/I, HpOeKT 05-08-33604a.

7. INVESTIGATION OF THE WORKING PROCESS IN A HIGH-SPEED STRAIGHT-
FLOW COMBUSTION CHAMBER WITH THERMOCHEMICAL PREPARATION OF

HYDROCARBON FUEL.

Voloshchenko O.V., Zosimov S.A., Nikolaev A.A., Ostras V.N., Sermanov V.N.,
Chevagin A.F.
TSAGI, Moscow

An experimental investigation of a working process has been performed in a subscale
stepped combustion chamber with a preliminary thermochemical preparation of fuel in a
autonomous reactor operation on kerosene and air.

The combustion chamber had a 2D channel with an inlet area of 30x100 mm; consisting
of two sections arranged one after another with step-like transition section. The combustion
chamber was fed by products of thermochemical conversion of kerosene and air from the
autonomous reactor normally to flow through holes located at the end of the section in front of
the step.

The working process in the gas-generator is realized in a two-stage way. In the first stage,
due to burning of kerosene in air being fed to the gas-generator of air flow is heated to
T0=1500 K. In the second stage (reactor) the high-temperature gas flow from the first stage
received additionally kerosene with a=0,1 ... 0,4 whose thermochemical decomposition was
performed there into combustible components: H 2 , CO, CH 4, etc. The relative air flow through
the gas-generator was 7% with respect to the air flow at the inlet of combustion chamber.

The influence has been studied of the air excess coefficients for the section with F=const
behind the step on the behavior, characteristics and effectiveness of the working process in the
combustion chamber.

The flowing main findings can been summarized below:
* when supplying to the combustion chamber the products of thermal decomposition of

kerosene in air at c=0,1 ... 0,4 and a temperature in the gas-generator within the range of
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T=1200... 1800 K, the self-ignition of the products takes place and a stabile combustion
process in the combustion chamber is established;

"* the combustion of the products of kerosene thermal decomposition initially takes place at the
end of the forward section of the channel in the region of kerosene supply with thermal
choking and formation of an upstream pseudoshock;

"* in the rear section (F=const) at a=1,5.. .2,5 burning down takes place with a completeness of
combustion of 0,8.. .0,9 and formation of a pseudoshock-type flow, and at a > 3 supersonic
flow condition occur.

The investigation performed has shown the feasibility of using the preliminary
thermochemical preparation of the liquid hydrocarbon fuel in an autonomous reactor for
organizing a high effective working process in the combustion chamber with supersonic flow
velocity and high flow enthalpy at the intake.

This work has been carried out under RFFI financial support, Project N05-08-33604a.

8. BASIC RESEARCH OF AIR-HYDROCARBON MIXTURE IONIZATION
PROCESSES FOR OPTIMIZATION OF IGNITION IN COMBUSTION CHAMBERS

AT APPLICATION OF GAS DISCHARGES

A.L. Kuranov
Hypersonic Systems Research Institute of Leninetz Holding company, St-PNtersburg

A. A. Kudryavtsev, E.A. Bogdanov
St-Petersburg state university

V. L. Bychkov, A. Yu. Lomteva
M V Lomonosov Moscow state university

The presented work is devoted to analysis of effective ionization processes at early
discharge stages in air - hydrocarbon mixtures at different temperatures and mixture
compositions as the first necessary step before analysis of ionization moving air - hydrocarbon
mixtures. Necessary parameters of excitation and ionization in these mixtures have been
determined in wide range of E/N parameter (E-electric field strength, N- density of neutrals). So
called, "thresholds" of ionization in these gas mixtures have been calculated. Experiments on
measurements of "thresholds" of ionization in these mixtures are discussed.

9. FOPEHHE HPEABAPHTEJIHO HECMEmHAHHOFO TOHJIHBA B
BbICOKOCKOPOCTHOM BO3AYWHOM HOTOKE, CTHMYJIHPOBAHHOE

HJIA3MEHHbIMH OUPA3OBAHKIAMH

ICJHMOB A., lHTIOpHHH B., MopaJieB H., TojrKyHOB B;.,* HHKHTHH A., BeJliH'Ko A.,**
JIe6egeB 10., BIHuepa H., ++

*HHcmumym e6bcoKux memnepamyp PAH, MocKea
**H/XP PAH, MocK6ea

+ +HHXC PAH, MocKea

CTHMyYRHpoBaHHoe ropeHre (CF) yreoeBoopox~aoro ToroIiHBa B B03,UyHIHOM
Bb•COKOCKOpOCTHOM noToKe H3y t -aJIoCb B naiunx ripegTbviyuIrHx pa6oTax [1-7]. 3Ta pa6oTa
Asrnie-cA HXi npoionKeHHeM.
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HoBbLe 3Kre~e~~~~ pe3yJlbTaTbi 17o HOJIHOTe CF fle~p~jEH HecmemiaHHOrO

TOHIJIHBa B BEIC0KOCK0POCTH0M B03,aYIfH0M 11OTOKe pacaPHaOC B HaCTOAI~ei pa6oTe.

9KcHCepHMeHTbI HO CF IIPOBOXAHJIHCb Ha YCTaHOBKe HWT-1. FopsI'rHf B03;jyIIIHbIr4 HOTOK

(M<2, P~t<1 Bap, Tq~<1 000K) HCHIOJIb3OBa.TiCS B pa6otiei Kamepe 3TOii ycTaHoBKH.
Kom6HHHpoBaHHbffi 3JIeKTpH'-eCKHrI pa~psuA HCHIOJlb3OBaJIc5 qJ15A HpeLjBapHTejjbHoro noj~Orpe~a

B03JIYIIIH0rO HOTOKa H aJIA yIIpaBj1eHHSI CF MeTO.1TI OIITHqecxori H HK Cr~eKTpOCKoHIHH,

xHmHLqecKHii allaJIH3, CKOPOCTHaA I 1H#~oBas1 Kamepa HCIIOJIb3oBaJIHCb AIJIA H3y'eHHA

nma'3meHHbUX o6pa3oBaHHrI H CF.
Cnie~rybowHe OCHOBHbIe 3KcriIeHmeHTaJIbHbIe pe3yJbTaTTbi 6buJIH niojiy'eHbI B 3TOrH pa6oTe:

1. H43y'eHa ,lIHHamHKa CF ripeA2TapHTeJIbHo HCCemiIaHHoI'o yrileBOJIOP0,2HOFO TOHJIHlBa B

BHxpeBOM H He3aKpYtIHHOM B03)XYIIIHOM HIoToKax. O6flapy>KeHo, qTO 3OHe CF MOryT

o6pa3oBblBaTEcsl. aOJIFO)KHByIUjHe Hijia3moxHmH'IeCKHe cTp)yKTypbL. I4mCHHO 3TH CTPYKTypbI

]?IO3BOJISIIOT 3Ha'IHTeJ~bHo CHH3HTb 3JICKTPHqeCKYIO MOHMHOCTb, nIoTpe6jvlemybo

iii~oeeaoO B CF 3KcriepHmeHTe.

2. COCTaB 4ýHHajibHbIX HIpOaIyKTOB CF H3mepeH c nomoHmhIO meTQLIOB FTIR
cneKTpOCKOHIHH H xpomaTorpa4ýHH.

3. 9dý4CKTHBHasI Hapa6oTKa H2, CO, C2H2, CH4, C6H6.... B CF 3OHe 6bula o6Hapy>KeHa
B 6oraTblx cmeCslx (pe4ýOPMHHr TorIJIHBa).

4. O6Hapy)KeHo, '-TO BbICOKaS I OJIHOTa CF TOflJIHBa 90-100% AocTHraeTC51 B 6eaxHbix

cmeCSIX TOXIbKO. B cnytae 6oraTmix cmeceii 3Ta BeJIH'IHHa mo>KeT ymeHbIIHTbCM .To 40%.
5. ALeTa~lbHbie oITHIleCKHe crieKTpbI H0oJIy-ieHbIl H HipoaHaJIH3HPOBaHbI B pa3.iiHtIHbIX

ceeieHHsix CF 3OHbI. FJojiyqeHa Ba)KHa51 HH4~opmaigHS 0 KHHeTHKe njia3moxHmWI4,CKHX

npoueCCOB B ripouecce CF.
6. BaWHa5i poamb reTeporeHHori KHHeTHKH CF Ha rIOBepXHOCTH 3apADKCHHb1x

Bo36yKJgeHHbIx Kap6oHOBbIX KjiaCTepOB (ca>KeBLIX tiaCTHLJ) o6cyxvigaeTCsI B HaCToSUijerl pa6oTe.

7. PacmHpeHHe KOHUeHTpaLjHOHHbIX npegeJeOB YCTOr~'IHBOrO. CF yrnieBojiopoaLHoro

TOHIJIHBa B 2-4 pa~a o6Hapy>KeHo B 3KdnepHmeHTe.

8. CHH>KeHHe Tereayb HiiiimeHH B 2-3 pa~a 3a4ýHKCHpoMaHo B 3KcriepHmeHTe B

cjiyxiae HCrnOJIb3OBaHH5I o6eAWeHHbIX cmeceH' ripH Hiji3mmHHOM CTHMYJIHPOBaHHH HX ropeHHsI.
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9. NON-PREMIXED PLASMA-ASSISTED COMBUSTION IN HIGH-SPEED
AIRFLOW

Klimov A., Bitiurin V., Moralev I., Tolkunov B.,* Nikitin A., Velichko A.,**
Lebedev Yu., Bilera 1.++

*Institute for High Temperature RAS, Moscow
"**Institute of Physics and Chemistry RAS, Moscow

++Institute of Petrochemical Synthesis RAS, Moscow

Plasma-assisted combustion (PAC) of hydrocarbon fuel in high-speed airflow was studied
in our previous works [1-7]. This work is continuation of the previousones.

New experimental and theoretical results on non-premixed PAC and its completeness in
high-speed airflow are considered in this work. Experimental study of internal PAC is carried out
in the hot wind tunnel HWT-1. Supersonic airflow (M<2, Pst<l Bar, Tst<1000K) is created in the
test section of this experimental set up. Combined electric discharge is used for airflow pre-
heating and plasma-assisted combustion. Optical spectroscopy, IR spectroscopy, chemical
analysis, high-speed digital camera are used to study plasma and radical generation in PAC zone.

The following main new experimental results were obtained in this work:
1. Dynamics of non-premixed PAC in vortex airflow and non-vortex one is studied by

digital high-speed camera. It is revealed that self-organized long-lived PAC structures are
created in airflow. Electric power of plasma generators are decreased by these PAC "matches"
considerably in our experiment.

2. The final gas composition behind PAC zone is measured by FTIR and chromatograph.
Partial pressures and concentrations of chemical species are obtained at different operation
modes of plasma generator.

3. Effective H2, CO, C2H2, CH4, C6H61.... generation in PAC zone is obtained in rich
propane-airflow mixtures.

4. It is revealed that there is high fuel PAC completeness 90-100% in a lean fuel mixture
only. This value is decreased up to 40% in rich fuel mixture.

5. Detail optical spectra are recorded in different cross sections of the PAC zone at
different operation modes of plasma generator. These spectra are processed and analyzed.

6. Important role of charged and excited carbon clusters (soot particles) on PAC kinetics
is studied in this work.

7. Extension of fuel combustion concentration limits for rich and lean mixtures is about 2-
4 times at plasma assistance.

8. Combustion temperature limit of lean mixtures is decreased up to 2-3 times at plasma
assistance.
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10. HIPOBE)JEHHE xIHCJIEHHhI1X PAC'IETOB jJI5 B16MCHEHHA$
BO3MOACHOCTER HIAAMEHHoro HHHUIHHPOBAHH I HJIAMEHH B1

CBEPX3BYICOBOM HOTOI(E CMECE I BOLjOPOjA H 3THJIEHA C B03,JYXOM

H.B. K~eO* C.U. JIeoHoB**, A.H. HanapTOBWOq
*THJJ PP5 TpoutfKuii Hnc-mumym Hnno6aquoHHbzX u TepmwwubepnbzX Hccjieo6anuiý, TpoUlIK

Mo.
**Hncmumym Bblcolcux Temnepamyp PAN, Moc~wa

cIDyHgIameHTajiEHaMq npoftema; cTosiuxaq i epe~j pa3pa6oTT-IHKamH rHriep3BYKOBOFO

HlpSIMOTOT'lHoro B039ymHHO-peaKTHBHOF0 jABHraTe~isi (FrHBPAJ), ycKopeH~e BOcnjiamHCHeHHA
cmecH )jo cBepX3ByKOBOii cKOPOCTH4. B o6brnqHblX ToIU1IHBO-Bo3xtyuIHbfX cmecAix BOJIHbI ropeHHA
CBA3aHbI C nporpe~om ra3a, HIO3TOMY HX pacripoc~pa~eH~e onpegzens~eTCsI npoiueCCamH nepeHoca
TenjIa, KOTopbie Ala)Ke 11pH HaJIH'qHH CHJIbHOr4 Typ6yjieHTHOCTH He MOryT J[aTE HeofxogIHmofl
CKOPOCTH pacnpoc~pa~eHHsi BOJIHbI. H4gesi HCHOJIh3OBaHHiA rIU[B3meHHbIX meTOaLOB
BocnjiameHeHH3l TOrIUIHBa OCHOBaHa Ha HepaBHOBeCHorl re~epaixnH XHMH'ieCKH aKTHBHbIX

'IacTHgI, YCKop311o1UX npoinecc ropeHHsI. rlpegrioniaraeTCsI, tITO BbIHrpbIllI B :3HeprHHl,
3aTpatlHBaemor4 .lgis ycKopeHHsi ropeHHSI, B rLiBi3meHHUX me~o~ax A2OCTHraeTC31 3a CqI`T
HepaBHOBecHori flpHpQ2TI HiJIa3mbI B pa3pA1je, n103B0TIsnOuerH H~OH3BeCTH C~ppBOe~f
KOHUCeHTpa~UH1O pagxrHajioB. BeJIHtWHHa ~3c44eKTa, otqeBHA1HO, CHJI~bHO 3aBHCHT OT Ha'IajibHOAi
TeMn~epaTypbl, JaaBjieHH5I H coc~a~a cMeCH.

Jgo CHX HOP HeT IIpHHuIIH11JabHOrO AIoKa3aTeji]6cTBa TOFO, 1ITO Tpe6yeMOe ymeHbLiueHH4
BpemeHH HHA2YKILIHH BO3MO)KHO,4~JI5I H3BeCTHbIX TOIIJIHB H H3BeCTHbIX BHAOB pa3pAAIOB, KOTOPbIe
MOFYT HO9Ae2p)KHBaTbCsI B CBePX3BYKOBom riOTOKe IIpH aTmoc4~epHom AaBnieHHH. HpocTorf
Hal-peB TOrIJIHBO -BO3J)1y1lHOAi cmecH AO TemnepaTypbi, KoFJ~a CKOpOCTbE ropeHnsi orioagaeT B
AIHana3OH 10 - I0 UC_ TaK>Ke H~pHB~qT KC HeofxOaIHMOMy 34X4eKTy yaLep>KaHHsl BOJIHbI
ropeHHSI B KaHaJIe. Bonipoc MHHHmajibHOrH ijeHbI, KOTOPY1O MO)KHO 3arHJ1aTHTb 3a Heo6xoAHmoe
yc~opeH~e ropeHHSI, HmeeT IIpHH9HIIHaY~bHoe 3Ha-IeHHe, TaK KaK B OTCYTCTBHe 3ameTHOrO
BbIHr'pbiila rIJpHmHeHHe HJ1a3meHHBIX meTOAOB ,2J131 3TOr4ii UJIH CTaHOBHTCSI HeuJeniecoo6pa3HbIM.
Hpe.qCTaB.jiseT 6oJI1mori HH~epec H3y'HTb 344reKT yKopotIeHH31 BpemeHH BocrijiameHeHM cmecH
B ycJIOBH5Ix, KOTOpbie MOryT pe~JbHO ocmCBJ3TC B CBePX3BYKOBE.IX Kamepax cropaHH3I.

BniepBbie 6buia pa3pa6oTaHa tIHcjieHHaSI mogeim, cotie~aioumai TpaLIHIIHOHHOe
HipH6JIH)KeHHe XHMHH ropeHHsi C COBpCmeHHOri KHHeTHKOfl iHjia3mbi, 6a3HpyloIueiicsi Ha

peineHHn ypaBHeHH31 BoimumaHa ARA i~i5 eKTpoHOB. TaKoe ripH46JIHKeHHe HO03BoJ13IeT Ham
camocol-IiacoBaHHo OrIHCaTb HepaBHOBeCHbii 3JIeKTpHtqecKHii pa3pUig B xHmHtIeCKH
HecTa6HJIbHoM (BocnJiiamMeHemom) ra3e. fHpOBO~jHTCSA cpaB~eH~e BOCruiameHeHHiA BOqLOpO.1JHO-
B032ay~LlHOr4 H 3THnieH-BO3Aym1HOri cmecerl B pa~p~iae H4 rI1H TeHJ1OBOM HarpeBe. 14cn1OJb3oBanimcb
;LiBa pa3HbIx I1pH6JIH>KeHHSI: (1) peinieH~e ypaBHeHHrH moJen B HpH6JIFDKeHHH rioCTO5IHHOfi

HJIOTHOCTH H CKOpOcTH ra3a; (2) peineH~e ypaBHeHHrH pa3psUAHOfH H xHmH'IeCKOri KHHeTHKH B

paM~ax OATHOmepHOii ra3OBO~iaiHHamHKH.
'-IHcJIeHHoe mogeI~JHpOBaHHe rIOKa3aYIO, 'ITo HCIIOJ~b3OBaHHe pa~p~uia 3ameTHbIM o6pa3om

CO~paiuaeT ,TUIHHY H M1HHHMaJlbHyIO 3HeprHio, Heo6xoAtHMyIO qu'sA BOennaImeHeHH5I
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11peABapHTeiibHO cMemaHHoro TonRHBa C BO3XyXOM. B qaCTHOCTH, ARAi KaMepbi cropaHHA

flJIHHHOH 80 CM, BXOAHOr1 CTaTHqecKori TemnepaTypbi ra3a 700K H CTaTHqeCKOIo A1aBjieHHs ra3a

I aTM MHHHMaJIbHa$ yeICIbHaq 3HeprHA pa3p•iga HOCTOAHHOrO TOKa ,fLq CTeXHoMeTpHqeCKOrj

BOZIOpOAHO-BO39YIyHOH CMeCH COCTaBJISIeT 150 I)K/r, B TO BpeMSI KaK HpH TeIIJOBOM

HHHIIHHpOBaHHH noTpe6yeTcs 3HeprH3l B JABa pa3a 6onibuiaA.
3•jeKT YCKopeHHA ropeHHA BOROpO;JHO-BO3AyIIIHOiI CMeCH B CBepX3BYKOBOM KaHaiie c

HOMOIUbIO pa3psuia nOCTOAIHHOFO TOKa He OIeHb qyBCTBHTeI~eH K OTHOIIeHH1O
TOnJIHBO/OKHCJIHTeYIb H nOCTeienHHO yue~m, aeTcA npH pa36aBneHHH ropiolero.

H1OKa3aHo, WTO xapaKTepubie RJIHHbI BocniaMeHenHHA npH HHHUHHPOBaHH5A ropeHnHA

TeIefoIIIHM pa3p/UXOM B CTeXHOMeTpH'IeCKoii CMeCH BO3Uayxa C 3THJieHOM B CBepX3ByKOBOM

Kanarle, OKa3biBa1OTCA 6oflbme, a Tpe6yeMbe 3HeprOBKnab1b B 1.6 pa3a BWine, qem ARAju

BOIOpOJIHO--BO3JayMHOH CMeCH.

O6HapyKeHO, 'ITO HpH6J1H)KeHHe nOCTOTHBOH nIJIOTHOCTH ra3a no cpasBHneHO C TO'qHbIM
peLieHHeM O9HOMepHbIX ypaBHeHH I ra30soro aHHamHKH He3HaqHTe.TbHO 3aBbllaeT AJIHHy

BOcnHlaMeHeHHAI.
CpaBHeHHe 3414beKTOB HHHUHHPOBaHH•I ropeH5I CTeXHoMeTpHqeCKori

BOflOpOI)HO-BO3)AyMHOH CMeCH HeripepbIBHbIM H HMrHyJbCHbIM pa3pqUIaMH MHKpoceKyHaIHOi

.flIHTeIibHOCTb1O AleMOHCTpHpyeT OTHOCHTeJIbHO He6oJImoe pa3JIHqHe B BeIHIHHe 344eKTa.

I4MnyJnbCHble pa3pHlal MHKpoceKyHaHOii JIIHTeJIbHOCTH A1aIOT rIpHMepHo 25% BbiHrpblm B
cpe;iHefi MOUIHOCTH, 3aTpaqHBaeMori Ha no)I)KHr CMecH. -FIpH COKpalm1eHHH AIUIHTeJibHOCTH

HrIM•y•bca pa3psaa Ao 10 HC Tpe6yeMasl cpeA2HA3 MOMHOCTb pa3pAgua yMea•maeTd HarIOBToaHHy.
ABTopbI Bbipa>a)IOT 6n1arogapHOCTb B. B. [IOTaKIKHHy, npeioCTaBHBInleMy BO3MO)KHOCTb

BOCnOJfb3OBaTbC$I nporpaMMori Chemical Workbench, H M. H. CTpeJIKOBOii 3a HIOMOLUb B

4bOpMyJ1HpOBKe MeXaHH3MOB ropennA TOIJIHBHO-BO3AlyI1IHbIX cMeceri. Pa60Ta no~aep)Kana
aKaeuMHKOM F. F. I-IepHbIM B paMKaX [IporpaMMbl X2 20 l-pe3HaIrHyMa PAH.

10. NUMERICAL EVALUATIONS OF PLASMA IGNITION IN SUPERSONIC FLOW
OF MIXTURES OF HYDROGEN OR ETHYLENE WITH AIR

I. V. Kochetov, S. B. LeonovI, A. P. Napartovich
State Research Center of Russia Troitsk Institute for Innovation and Thermonuclear Research

(TRINITI), Troitsk, Moscow region
1Institute of High Temperature Russian Academy of Science (IVTAN), Moscow

A fundamental problem faced by designers of a hypersonic ramjet is the acceleration of
ignition of a fuel mixture to a supersonic velocity. In common fuel--air mixtures, combustion
waves are associated with gas heating; therefore, their propagation is determined by heat transfer
processes, which cannot provide a required wave propagation velocity even in the presence of
strong turbulence. The idea of using plasma-assisted methods of fuel ignition is based on
nonequilibrium generation of chemically active species that speed up the combustion process. It
is believed that gain in energy consumed for combustion acceleration by plasmas is due to the
nonequilibrium nature of discharge plasma, which allows radicals to be produced in an over-
equilibrium concentration. Evidently, the size of the effect is strongly dependent on the initial
temperature, pressure, and composition of the mixture.

Up to now there is no clear evidence that the required reduction of the ignition time is
feasible for the known fuels and discharge types sustainable in supersonic flow at atmospheric
pressure. Thermal heating of a fuel-air mixture can hold the flame provided the burning rate falls
into the range 1 0 -4 - 10-5 s-1. It is a key problem of the minimum energy cost to be paid for the
burning acceleration. If this minimum is not enough low, there is no sense to elaborate plasma
methods for ignition problem. To achieve a more reliable evaluation modeling should be done
for realistic conditions of the supersonic combustion engine.
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For the first time, a numerical model was developed combining traditional approach of
thermal combustion chemistry with advanced description of the plasma kinetics based on
solution of electron Boltzmann equation. This approach allows us to describe self-consistently
strongly non-equilibrium electric discharge in chemically unstable (ignited) gas. The comparison
is made between plasma-assisted and thermal ignitions for the hydrogen/air and ethylene/air
mixtures. Two different approaches were tested: (1) solving of model equations in approximation
of a constant gas density and flow velocity; (2) solving of discharge and chemical kinetic
equations in frames of 1 -D gas-dynamics.

Numerical simulations demonstrated a notable reduction of the ignition length and the
minimum energy input in the discharge required for the ignition of the pre-mixed fuel. In
particular, for the hydrogen/air mixture in the combustor duct of length 80 cm, the inlet static gas
temperature 700 K and static gas pressure 1 bar the minimum reduced energy input in the direct
current glow discharge is 150 J/g, while for the thermal ignition it is as twice as high.

The numerical simulation of dc discharge-initiated combustion of a hydrogen--air
mixture in a supersonic channel has shown that the effects of acceleration is not very sensitive to
the fuel/oxidant ratio and gradually decreases with fuel dilution.

It is shown that the ethylene/air mixture can be ignited by the glow discharge at the
reduced energy input 1.6 times greater than in the case of the hydrogen/air mixture.

It is found that the ignition lengths calculated in the constant-gas-density approximation
are only slightly greater than that found in the quasi-l-D gas-dynamic model.

A comparison of the effects of initiation of combustioh of the stoichiometric
hydrogen--air mixture by a continuous and a pulsed discharge reveals a relatively small
difference in the size of the effect. Microsecond pulse discharges give an approximately 25%
gain in a time-average energy consumption for ignition of the mixture. At pulse duration about
10 ns, the required average discharge power is halved.

We are grateful to B. V. Potapkin for kindly presenting the possibility of using the
Chemical Workbench software and to M.I. Strelkova for assistance in the formulation of
combustion mechanisms in air-fuel mixtures. This work was supported by Academician G. G.
Chernyi, program no. 20.

11.0 B03MO)KHOCTH HPHMEHEHII5 HMHYJIbCHOfI HJIA3MEHHOIRI CTPYH
,AAAIM BOCHAJIAMEHEHH14 B03jYlHHO-HPOHAHOBOfI CMECH

A.ieKcaHapOB A. (D., EpmOB A. H., IaMeHImHKOB C.A., KojieCHHKOB E. B., JlOryHOB A. A.,
'qepHHKOB B. A., HII6KOB B.M.

(Pu3uqeCKUfi Oa~yflbmem MIY, MocK6a

I-pHBOAAITC31 pe3yJlbTaTbI 3KcnepHIMeHTaJIbHb1X HccnIegIOBaHHrl npouxecca B3aHMoJIeCTBHH

HMf1ynbCHOi nIIia3MeHHOii cTpyI CO CBepX3ByKOBbIMH IIOTOKaMH BO3,ayxa H BO39JymIHO-

rIponaHOBOH CMeCH. lIjia3Ma c03gaBajracb nJIa3MOqHHaMHiecKHM M-K IIJIa3MOTpOHOM,
np0OXlobHaA5 ocb KOTOpOro 6biaa HanpaBjieHa HaBCTpeqy nOTOKY nogt yrJoM 600 K ero ocH.
OnpexrejieHbl 3JIeKTpHiecKHe napaMeTpbi pa3psAa: nageHHe HanpaSK~eHH Ha pa3pAuje H ero TOK,
MOIIIHOCTb H 3HeprHA, BbIelenieMaAS B riia3Me 3a BpeMA HMnyJlbca.

Ho OTHOCHTeJIbHbIM HHTeHCHBHOCTqIM JIHHHR MegH oripegenIAsiacb TeMnepaTypa
Bo36yxgeHHH COOTBeTCTByIOIIIHX 3JieKTpOHHbIX ypOBHerH, KOTOpyIo B yCJIOBH3X HaCTOqUWHX

3KCnepHMeHTOB B nepH4qepHHOR o6JIaCTH cTpyH MO)KHO CqHTaTb 6JIH3KOii K TeMrIepaType

nrIa3MbI.

B pe3yJIbaTe HpOBeaeHHbIX crieKTpaJIbHbIX H3MepeHHR 6blJIo iIoJiy'eHO noJIe TeMnepaTyp
B pa3JIqHbIX ceqeHHAX lnia3MeHHOH CTpyH B CBepX3ByKOBOM HOTOKe. rloKa3aHO, WTO
MaKCHMaJIbHaAI TeMnepaTypa HJIa3MbI B nepHi4epHRHOR o61acTH cTpyH Ha6jllo.aeTcA B TOqKaX,

pacnojno)KeHHIX y Topua MUIK - HIia3MOTpOHa, H rlpH MaKCHMajibHOri 3ariaceHHOii 3HeprHH
AOCTnraeT BeJIHtIHHbi nopUjIKa 4 3B. TeMnepaTypa IJIa3MbI ymeHb6iaeTcA npH yMea•HeMHHH
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Hanri5KxeHHr Ha HaKOnHTeniiHOM KOHreHcaTope. B o6nUeM cniyae, B pa3Jl t qHb•IX ToMKax
cemeHHA Hnia3MeHHOH CTpyH H npH pa3wIfqHOrH 3anaceHHOR 3HeprHH TeMnepaTypa H3MeHS1eTCAI B

npejaenax 1,4 4 3B.
3KcnepHMeHTI no HccJ1eaoBaoHH1 B3aHMOgeHCTBHA nIIia3MeHHOH CTpyH CO

CBepX3ByKOBbIM IOTOKOM Bo3•YlIUHO - niponaHoBOH CMeCH noKa3aJiH, WTO B pe3ynbTaTe TaKoro

npouecca peaYIH3yeTCS pePHM a[eTOHa1LHOHHOFO ropeHHA CMeCH. Ha OCHOBaHHH pe3yjlbTaTOB
o6pa6OTKH CHFHanIOB C gaT'IHKOB gaBJIeHHAI, paCfOJ1O)KeHHbIX HO Bcel ARHHe CBepX3ByKOBOFO

KaHania, 6biuh orlpegeieHbI THHHHIHbIe yCJIOBHA BO3HHKHOBeHHAI B TOnJIHBHOH CMeCH pe)KHMa
,aeTOHaLIHH H HeKOTOplIe ero xapaKTepHCTHKH.

11. ON A POSSIBILITY OF PULSED PLASMA JET APPLICATION TO IGNITION OF
PROPANE-AIR MIXTURE

A.F. Aleksandrov, A.P. Ershov, S.A.Kamenshikov, E.B. Kolesnikov,
A.A. Logunov, V.A. Chernikov, V.M. Shibkov

Physical department M V. Lomonosov MSU, Moscow

Experimental investigation results of pulsed plasma jet interaction with supersonic air and
propane-air mixture flow are represented. Plasma was created by plasmadyriamic magneto-
plasma compressor (MPC) plasma generator. Its longitudinal axis was directed towards the flow
under the angle of 600 to the plasma. Following discharge electric parameters were determined:
voltage drop on the discharge, discharge power, power and energy released in the plasma during
the pulse.

Electronic levels excitation temperature was determined by relative intensity of copper
lines. It can be considered close to the plasma temperature in the jet periphery in conditions of
present experiments.

In results of undertaking spectral measurements we obtained temperature field in different
cross sections of the plasma jet in the supersonic flow. We have shown that plasma maximum
temperature in jet's periphery was observed in points located near MPC- plasma generator face.
At maximum stored energy it reached the value of about 4 eV. Plasma temperature decreased at
decrease of the voltage at the storing capacity. Temperature in general case changed in the range
1,4 + 4 eV in different points of the plasma jet and at different stored energy.

Experiments on investigations of plasma jet interaction with supersonic flow of propane-
air mixture have shown that the mixture detonation combustion mode has been realized in the
result of the process. Typical conditions of the detonation mode realization in the fuel mixture
and some its parameters have been determined with a help of pressure sensors located along the
length of the supersonic channel.

12. 3KCHEPHMEHTAJIbHOE H TEOPETHqECKOE HCCJIEJOBAHHE
HPOIRECCOB HIOA)KHFA "AKTHBHPOBAHHOFO HOPHCTOFO TOHJIHBA"

B.IO. Ber1HKOJHbfi1 B.IO.1, A.(D. AAeKcaHJ•oB 2, B.AI. BElIKOB 2, B.H. BOpOTHJ1IHH, A.B.
EpeMeeB', JI.I. HH]KHTeHKO 1, , .. THMOeeB, B.A. qepHHKOB 2, IO.F. IHOBeCKHH 1, ,.

BaH BH°
'Hucmumym npuxaaono~t miexanuKu PAH, MocK6a

2MocKoecKufi FoeycapcmaeetHbzi ynueepcumem umu. M.B. JloMonocoea
3 Ytueepcumem ww. )aic. XonKuHca, fla6opamopuq npuKzatnofi OPU3UKU

Ha OCHOBe TeopeT qecKHx 3KCnepHMeHTarbHIHIX HccJIegOBaHHH npeauioKeHa
nepcneKTHBHaA cxeMa AByXKoHTypHOFO Bo3Ay1lHHo-peaKTHBHOrO nIpAMoToqHoFO ABHraTeeIII JUIHI
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PeaJIH3auHH C~ap~a FHnep3BYKOBOrO Bo3)IymHO-KOCMHTiecKoro annapa~a II5IMO C HOBepXHOCTH

3eMJIH 6e3 HcHiOJIb,3OBaHHq rieiaHei~I rnpe2ycKOpHTeJ~eri.

Co3,aaH "rOp5PIHH CTeHAg" ;JJ15 HccJ~eLOBaHH5I H MOJ~eRHPOBaHHS1 pa6oTbI 3TOr4 cxembi Hi

HccJieg2OBaHH1 IIog)KHra KepOCHHa B )1O3BYKOBOM H CBePX3BYKOBOM HOTOKax C HCrIOJlb3OBaHHem
4ýaKTHBHpoBaHHOI'O rIOPHCTOrO KepoCHHa". Pa3pa6oTaHa d9OpCyHla - nLJ1a3MOTPOH aAAS

TI1QIOTOBKH H pacriuina "aKTHBHpOBaHHO'o 11OPHCTOrO TOHIJIHBa", o6ecne-IHBabouI~as
rapaHTHpOBaHHB~ft IHO)DKr IIPH H5J[H'HH 6apGoTHpoBaHHsI. rIPH OTCYTCTBHH 6ap6oTHpoBaHiH3

nogwKHr yJaaeTC3I 1IOJ1yx1aTb TOJIbKO H~pH HOCTerHeHHOM yBejIHMCHHH pacxoga KepOCHHa qepe3

6ap6oTep. H~pH OTCYTCTBHH 6ap6oTaica C HCIIOJlb3oBaHHeM 3OHbI CMa6HYJIH~aLH flIiameHH H

Hauiero IIJIa3MOTPOHa yJgaJIOCb IIOJIY'IHTL CTa6HJIEbHoe ropeHne B CBePX3BYKOBOM HOTOKC lipH

MW1.2 (6e3 niogTorpeBa). H~pH HaAIW1-HH 6ap6oTa)Ka yCTOHiH~qBoe ropeHHe yTIaBajiOCb HioJIY'IHTb

flpH 6oJIbMHX 3Ha'ICHHSX M~ceni Maxa M < 1.4 (6e3 nIoJOFPeBa). H3 - 3a OTCYTCTBH5I IIOJIHOFO

mozeJIHpoBaHH3I, To eCTb H3-3a cyiIueCTBeHHOFO CHH)xeHHSI TemriepaTypbl B OCHOBHOM HOTOKe

ripH4 1 .4<M<1 .6, YCTOrl'IHBOFO ropeHHSI B HaUIHX YCJIOBHAX (uIpH 3agzaHHbIX pacxoLaaX ToHJIHBa)

nIOJIy'{HTb He yaa~JIOCb. rlpH M>1 .6 ropeHHe B OCHOBHOM CBePX3BYKOBOM IIOToxe npeKpaiuailocb.
HeofxogiHmo gOIIOJIHHTeJ~bHO mo~epHH3HpOBaTb YCTaHOBKY AJuI3 o6ecriexIeHHMI riozgorpe~a
BO3)Jyxa. rIOKa3aHa rIIHHUHI1HaHJibHa5 B03MOWKHOCTb CTa6HJ1BHoFO ropeHHSI KepoCHHa B

CBePX3BYKOBOM IJOTOKe Jgaw~e HpH H143KHX Temrnepa~ypaX BHIJIOTb g~o -500C, IIPH HcHiOJTb3OBaHHH

xmi~ ero HIOq1)KHra, "aKTHBHpoBaHHoro riOPHCTorO TOrIUIHBa".

ARAis aKTHBaIIHH ((IIOpHCToIrO TOITIJIHBa)» HCHOJIb3yCTCS yJaapHOBoJIHOBOHi meTO;. ALJ~I31 3Toro

ra3O~lIHcfepCHa~q cmeCb TOIIJIHBa H OKHCJIHTC.TIS 'Iepe3 4lOpCyHKy- iLiia3MoTpoH B HepaCIqeTHOM
pe)KHme riogJaeTC51 B OCHOBHO9 H1OTOK ra3OKaneJ1bHO~f CMeCH TOHJIHBa H OKHCJIHTCJIS. H1pH

TOPMO)KeHHH ra3oJAHcnepCHOft CTPYH o6paziye'rCs y~lap~asi BOJIHa B BMge )XHCKa Maxa. B 3TOM

cJIyxiae TJy3bIpbKH c napaMH TOHJIHBa H OKHCJIHTeJISI pe3KO C)KHmaIOTCAl, o6pa3yloTC5I pa2qHKaJibI,
HPOAIYKT~bI KOHBepCHH H KpeKHHra. Peaj¶H3oBaHbl pCeiKHMbI 3dy1eKTHBHoro nipeo6pa3oBaHHsl

KHHeTHxiLeCKOri 3HeprHH B XHMW-ICCKyIO B pe3yJbTaTeT ripaBHJIbHoI'o co'eTaHHSI reomeTPW1eCKHX

pa3mepOB YCTPOrICTB, A~ame~pa ny3bIpbKOB, ra3ocogTep)KaHH5I H CKOPOCTH HO0TOKa,

flO3oJIifoLwe o6ecriC'qHTb H3oTepMWqeCKHi! pe2KHM YCKopeHHSI Fa3oAHcrnepCHor4 CTPYH H

aA~a6aTHqeCKHfti pe)KHM c)KaTHSI BO d#OHTe yJaapHOrH BOJIHbI.

Hia OCHOBe mogeICfH KpyrIHomacLIITa6HOrO 3aXBaTa BHemUHeii cpeaLbi rioniyqeHa 3aMKHYTaSI

CHCTema AlH44epeH1iJHaJ1bHb1X ypaBneHHii, H03Boji5Homa-qS pacCCqHTaTb riapame~p~i rHOPHCTOIR

CTPYH KaK 4JyHKIiAHH pacCTOSIHHSI OT BXo2aa H 3aJgaHHbIX YCJIOBHri ee pacripocTpaHeHHsi -

CKOPOCTH H HIJIOTHOCTH BHemfHeii cpelb~i, CHRMb TA>KeCTH (ARA5 HljlaBy'IHX CTpyr4), a TaK)Ke

Hat1aJbHoro yriia HaKJIOHa CTPYH ITO OTHoiIICHH1O K HanpaBJI~HHIO CKOPOCTH BH1HIHCFo HIOTOKa

ra3a. Pe3y.JmTambi pact-ie~ra Ka'IeCTBeHHO H KOJ1iHeCTBeHHO OHIHCbIBa1OT KjlacCHtIeCKHe

3KcriepHmeHTbI, rnOAITBep)KI~aA Tem cambim cnpaBe;IJIHBOCTb IH~HHSTbIX AIO11yuIeHHr1'. PacqembI
rHOXTBepAIHJIH TO BeCbma Ba)KHoe CBOrICTBO H1OpHCTOHi CTpyH, WIO C yBeJ1IH1ieHHeM HaxIaJlbHOFO

ra~ocoxrep)KaHrn COxpaigaeTC31 AJIHHa ee Y'IaCTKa, Ha KOTOPOM YCTaHaBJIHBaeTC5I

CTeXHomeTpHWieCKHrl cocTaB cmCCH.

12. EXPERIMENTAL AND THEORETICAL INVESTIGATION OF "ACTIVATED
POROUS FUEL" IGNITION PROCESSES

V.Yu. Velikodnyil, A.F. AleksandroV 2, V.L. Bychkov 2, V.P. Vorotilin1 , A.V. Eremeevi,
L.KK. Nikitenkol, 5. Timf~ee 2, V.A. Chernikov 2, Yu.G. Yanovskfii ,D. VanWie 3

'Institute of applied mechanics RAS, Moscow

3 2M. V Lomonosov Moscow state university
Th Johns Hopkins University Applied Physics Laboratory

Prospective scheme of two-line air jet direct flow engine for realization of hypersonic air-

cosmic vehicle start directly from the earth surface without application of preliminary
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preaccelerator has been proposed on a basis of theoretical and experimental investigations.
"Hot stand" for investigations and modeling of this scheme operation has been created.. It

is also aimed to studies of kerosene ignition in subsonic and supersonic flows applying. Sprayer-
plasmagenerator for preparation and atomization of "activated porous fuel" Has been developed.
It ensures fuel ignition at bubbling. Without bubbling one can realize a fuel ignition only at
gradual kerosene consumption increase through the bubblier. In the case without bubbling we
managed to realize a stable combustion in supersonic flow at M<1.2 (without heating) at
application of flame stabilization zone and our plasmagenerator. At bubbling we manage to
realize the stable bubbling at large values of Mach number, M < 1.4 (without heating). We did
not realize the stable combustion in our conditions (at given fuel mass flow rate) at 1.4<M<1.6
due to essential temperature decrease in the main flow. The combustion stopped in main
supersonic flow at M>1.6. It is necessary to additionally modernize our set up in order to ensure
air heating.

We have demonstrated a principle possibility, of kerosene stable combustion in the
supersonic flow even at low temperature down to -50 C at application of "activated porous fuel"
for its ignition.

Shock wave method is used for "porous fuel" activation. For this purpose the gas- disperse
mixture of the fuel and oxidizer is delivered to the main flow of gas - drop mixture of the fuel
and oxidizer through the sprayer- plasmagenerator in abnormal mode. The shock wave in a form
of Mach disc is formed at gas - disperse stream stagnation. Bubbles with vapors of the fuel and
oxidizer are sharply compressed in this case, radicals, cracking and conversi6n products are
created at that.

Modes of effective conversion of kinetic energy to the chemical one have been realized
thanks to correct combining of device's geometrical sizes, bubble diameters, gas content and
flow velocity. This allowed to ensure isothermal mode of gas- disperse stream acceleration and
adiabatic mode of compression in the shock wave front.

Closed system of differential equations has been obtained on an basis of large scale capture
of external medium model. It allows to calculate the porous stream parameters as the function of
the distance from the inlet and given conditions of its propagation: external medium velocity
and density, gravitation force (for floating streams), and initial incline angle of the stream with
respect to the direction of external gas flow velocity.

Calculation results qualitatively and quantitatively describe classical experiments
confirming correctness of accepted assumptions. Calculations have confirmed a very important
porous stream feature that its part length decreases at which the stoichiometric mixture
composition establishes with increase of the initial gas content.

13. InIA3MEHHA5I ,ETOHA1Ij5I 9HPH CBEPX3BYKOBOM ,ABH1)KEHHH B
FA3OHJIA3MEHHhlX CPEflAX

IO.JI. Cepon.
PTH mit. A 0. Hoqbq4e PAH, Can'm-Hemep6yp2

3a nocJejIHne FOAMI B o61acTTH AHHaMHKH naJIMmbI nojiy'-eHbI g2aHHbIe, H3MeHSHOLuiie
HamLIH HpeJAcTaBJieHH5I 0 A1HHaMH'qecKHX CBORCTBax CTOYIKHOBHTeJlbHOr4 cna6OHOHH3OBaHHOP

nJna3MbI. IoJly,-ieHHbie pe3yJIbTaTbI CBA3aHbI C CyyeCTBOBaHI4eM yHaIaMeHTajibHbMX

pe3OHaHCHbrX HeJIHHerHbIX ATHHaMwiecKHX CBOrICTB HepaBHOBeCHOrl HJIamMbi. B pe3yJibTaTe

npoBe;qeHHi KofruieKca 6ajijiHCTtecKnx HccieJgoBaHH1 6bJ HccYieaoBaH HOBbIS, HOHHO-
aKycTHiecKKHr MexaHH3M, coflpoBoxa10UaHro i B3aHMo.IeRCTBHe yjlapHbIX BOJIH C Bo36y)KR6HHbIM

H HOHH3OBaHHbIM ra3oM. 3TO nO3BOJIHJIO o6lACHHTb p31A HeCHOHMTHbMX ;IO HaCToAlUero BpeMeHH
3ýMýeKTOB, B TOM qrcjie aHoMajibHoe o6TeKaHws BbICOKOCKOpOCTHbIX TeR HepaBHoBeCHOH
cna60HOHH3OBaHHOri ria3Moti ra3oBoro pa3pqgTa, a Taioie 4ui3HtnecKYIo npHpo.iy
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HOHH3aJuHoHHoR HeycTOHT-IHBOCTH ygap~bIX BOJIH. O,LJHaKO, nipo6jlema B3aHMoJ~eriCTBHA

BbICOKOCKOPOCTHEIX Te'ieHHR C njia3MOii He H4CtIepI~bIBaeTCSI TOJIbKO :3THMH 4ýyHLaameHTajibHbiMH

H rnpHK.J~aAHbimH acHCeKTaMH. HCJIHHeriHble XAHHamHIeCKHe CBorICTBa HepaBHOBeCHoI4 HJ1i3MbI

MBJIAIOTCS1 IPOSIBjieHHCM 4ýyHJgameHTajibHbIX 3aKOHOB HPHpOaTbI H peaJIH3yioTCS1 TaKwI( flpH

ABH)KeHHH CBepX3BYKOBbIX TenI H yI~aPHbIX BOJIH B XHMHMCiCKH pearHpyioiuI~x ra3ax, KOFriJa B

xogie peaKUHH o6pa3yloTcsI B036yKadHHb~e H HOHH3OBaHHbIe q.aCTHrjbI. Oco6blri HHTepeC
rlpe;IC~aBJIsiIOT HCCJ1~JJIOBaHH5I 3aKoHOB, HO KOTOpbIM HPOHCX~qLHT BLICOKOCKOPOCTHoe ropeH~e H

,LaeToHaUjH5. CqrnTaeTCsI, 'TO AeTOHaij~H5 nipeACTaBJuIeT co6oH- COBOKYnHHo Bo3geHCTBHe yZaapHoH

BOJIHbI H XHMWTIeCKoR peaKlIIH, noflJep)KHBaiowerl HHTeHCHBHOCTh yTapHoro BMaimoerICTBH5.

H~pH 3TOM Ha6jIIoJaeTC5I 3jieKTpomarHHTHoe B3aHmO~jer1CTBHe, BE13BaHHoe gLo CHx nop He

HccjiegLOBaHHbIMH HepaBHOBeCHbIMH rnpogeccaMH. HeKo'ropiie aBTOpbI OTmexiaioT 3Ha'IHTejibHoe

CXO,4CTBO ,TIeToHaUIHH C HOHH3a9HoHHor4 HeyCTOri'IHBOCTbIo yglwpHbIx BOJIH He TOJ~bKO B cambMx

o6m.Hx -iepTax, HO gaw B aLeTaj~bHbIX npH3HaKax. 3T0 mo)KeT CBH)IeTejlbCTBOBaTb o6 o6Iuem
q3ieKTpOAHHamHxIeCKOM 4ýH3HeCKOM mexaHHMCe, peajiiHy1Iowemcsi rIIH -BbICOKOCKOPOCTHOM

,aBH>KeHHH B nJIa3me. Jiia3ma MO)KeT Co3gzaBaTbC5I HCKYCCTBeHHO c HomoUjibio ra3oBor'o pa3pAuia
HJim o6pa3oBbIBaTbCsI CaMOHK yx~apHoH BOJIHOil IPH 4ýOTOHOHH~aijHH HJIH B xo)ge XHmHxieCKHX

peaKUHR. BcnieqzCTBHe 3Toro npeglCTaBsI~eT 3Ha'IHTenibHbIii HHTepec pacCMOTpeTb npo611emy
,LIeToHaLXHH H4 parpc~ae yIapHbIX BOJIH B ropio'IHx cmeCSIX C TO'I1KH 3peHHAl

o6Hapy)KeHHbIX HOBbIX 4ýMfH'eCKHX I1pHHIXHnioB, jie)KaIWHX B OCHOBel B3aHmoqeriCTBHSI

BbICOKOCKOPOCTHbIX HIOTOKOB C HepaBHOBeCHOfH HJia3MOR. B go~iiage HccjieAOBaHa pojib
HCJIHHeAHbIX JAHHamH'ieCKHX CBOiiCTB HepaBHOBeCHOr fl.jiaMbI B p~eaJIH3aUHH ripoujecCOB

CBepX3ByKoBoI'o ropeHHSI H greToHaLUHH. B paM~aX HOHHO-3ByKOBori moqejnH paccmoTpeHa
KHHeTH'leCKaSI cxeMa 4ýOPMHpoBaHHSI HOHHO-3ByKoBoro COJIHTOHHoro crycT~a B

MHoro)KHLIKOCTHorH MOjeJIH KHCflOpOALHO-BOflOpOIWOr HIJIa3MbI B6JIHH #~OHTa yJqapHoiR BOjiHbI.

YCTaHOBjieHO, '-ITO B cmecH ra3OB oco6aql pojib EIPHHa~lUieKHT KHcJIOpoArY, I1ocKOJ~bKy OH H~meeT

HH3KO paroi)e~i 3Hpe~iC~ TepMbI, KOTOpbie JIeTKO MOryT 3aceJI5ITbC31 I HH

CTOJIKHOBeHHS1X H y'IaCTBOBaTb B njia3moo6pa3oBaHHH. YCTaHOBjieHO, 'ITO 3Ha'ICHH51

nIpegeJbHbIX CKOPOCTeR gzeToHaLUHH AAAI5 pa3JIHxIHbIX cmecerl COBariagaoT c maKCHMaJ"bHoA

4a3oBoii CKOpoc 'TLIO COJIHTOHHbIX crycTKOB. HaupHmep, oileHKH H1O HOHHO-3ByKoBH oiiM2eJIH
I~oKa3aTIH, xITO O6WUHe npeaIeflbiqe~TOHaDjHH (1,7-2,8 Km/ceK) cmcCH 2H 2 + 2 HPH HopmajibHOM

,lIaBjieHHH CBI3aHbI c gIHaiia3oHoM cyUXjeCTBOBaHH5I COJIHTOHHOI'O crycTKa, o6pa3oBaHHoro

HOHaMH KHcJIOpoLga. FlapaMeTpbi DToro cryCTKa o6yCJIoBnieHb ygLapamH BTOporo pogLa c
yxiaCTHeM HH)KHeI'o meTacTa6HJIbHoro YPOBHSI moj1eKyJlbI KHcjiopoaIa c 3HeprHeR E = 0,98 3B.
RpOBeJqeHHbie HccjieAOBaHH5I r1oKa3bIBa1OT, TITO BbICOKOCKOPOCTHoe ropeH~e onipegeJI5IeTCs1
3aKOHaMH pe3oHaHCHOr1 HeJIHHeiiHORnii J13mOAHHaMHKH H HaH6oJIee 3)ý4eKTHBHO pejH~eC B

o6J1aCTH BbIcOKOHOHH3oBaHHoro COJIHTOHHOrO crycTKa.

JLHTepaTypa:

1. IO.JI.CepoB, H4.H.SIBOP. BOJIH16 3apquga B HOHH3OBaHHom rage Hiepe1j riHHie3BYKOBbIM

TCJIOM. )KT(D T. 6 6 , B.1 11, 1996, cTp. 181-186.
2. Yu.L.Serov. Experimental Investigation of a Supersonic Sphere Motion in Plasma on

Ballistic Apparatus. Proc. 2nd Weakly Ionized Gases Workshop, Norfolk, 1998, pp.32-45.
3. V.A.Pavlov, Yu.L.Serov. Supersonic Motion of a Body in Weakly Ionized Plasma:

Phenomena of Trans-Ion- Acoustic Plasma Dynamics. 3rd Weakly Ionized Gases Workshop,
Norfolk, 1999, AIAA-99-4852.

4. B,A.FLaBJIoB. I4OHHO-3ByKOBOii a434eKT jinoajAn XbIocToHa. (DH3HKa HIua3mbi, 2000,T.26,
X26, c.543-547.
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13. PLASMA DETONATION AT SUPERSONIC MOVEMENT IN GAS-PLASMA
MEDIUMS

Yu.L. Serov
Joffe Institute RAS, St. -Petersburg

For last years in the field of plasma dynamics the data changing our representations about
dynamic properties of collisional weakly ionized plasma are received. The received results are
connected to existence of fundamental resonant nonlinear dynamic properties of nonequilibrium
plasma. As a result of carrying out of a complex of ballistic researches the new ionic - acoustic
mechanism accompanying interaction of shock waves with excited and ionized gas has been
investigated. It has allowed to explain a number of not clear till now effects, including abnormal
flows of high-speed bodies by nonequilibrium weakly ionized plasma of the gas discharge, and
also the physical nature of ionization instability of shock waves. However, the problem of
interaction of high-speed flows with plasma is not settled only by these fundamental and applied
aspects. Nonlinear dynamic properties of nonequilibrium plasma are display of fundamental laws
of the nature and are realized also at movement of supersonic bodies and shock waves in
chemically reacting gases when during reaction the excited and ionized particles are formed.
Special interest is represented the laws on which there is a high-speed burning and detonation. It
is considered, that the detonation represents cumulative influence of a shock wave and the
chemical reaction supporting intensity of shock interaction. Thus the electromagrietic interaction
caused till now by not investigated nonequilibrium processes is observed. Some authors mark
significant similarity of a detonation with ionization instability of shock waves not only in the
most general features, but even in detailed attributes. It can testify to the general electrodynamic
physical mechanism realized at high-speed movement in plasma. Plasma can be created
artificially by the gas discharge or to be formed by the shock wave at photo ionization or during
chemical reactions.

Thereof it represents the significant interest the consideration of detonation and
propagation of shock waves in gas mixtures from the point of view of detected new physical
principles of interaction of high-speed flows with nonequilibrium plasma. In the report the role
of nonlinear dynamic properties of nonequilibrium plasma in realization of processes of
supersonic burning and a detonation is investigated. Within the framework of ion - acoustic
model the kinetic scheme of ion - acoustic soliton bunch formation in multifluid model of
oxygen - hydrogen plasma near to front of a shock wave is considered. In a mix of gases the
special role belongs to oxygen as it has low located power terms which can easily be occupied at
collisions and participate in plasma formation is established. The values of speed limits of a
detonation for various mixes coincide with the maximal phase speed of a soliton bunches is
shown. For example the estimations on ion - acoustic model have shown, that the common
limits of a detonation (1,7-2,8 km/s) of a mix 2H 2 + nO 2 at normal pressure are connected to a
range of existence of a soliton bunch, which is formed by the oxygen ions. Parameters of this
bunch are caused by impacts of the second kind with participation of the lower metastable level
of an oxygen molecule with energy E = 0,98 eV. The carried out researches show, that high-
speed burning is determined by the laws of resonant nonlinear plasma dynamics and this most
effectively realized in area of high ionized soliton bunch.
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14. FA3OPA3P5IQHA51I HJIA3MA B03)LIYXA B CBEPX3BYKOBOM M17j KAHAJIE

C.B. Bo6auleB, P.B. BacmvwbBa, A.B. Epo~eeB, EXF. WKYKOB,

T.A. JAaRymKHHa, C.A. H1OH~eB
(Pu3ui~o-mexnw11ec1(uu unicmumym umi. A. 0. HotbfbePAN, GaHKM-Hemep6yp2-

Ljeimi1o HacT0oliero HccYiegIoBaHHsl SIBJISqTCSI Co3,raHHe OqHOpOaHOrO o6tema B03AyLIHOH

HRIH a3oTHOR ra3opa3pS~aHoiR iJIa3mbI, ABH)KymteFoC31 B CBepX3BYKOBOM MFAJ Ka~ajie npH
,q~cnax Maxa HIOTOKa M = 3-5 H rfapame~pe MFAL B3aHmo~ger4cTBHsI St, a1OCTaTOT4HOM .lIJ1J

Ha6JI1oAeHHA MFJA 34eKT0B (St = 0,05).
gaHHasI pa6o'Ta npeTjCTaBjisqeT co6oil ipHoqoj1)KCHHe IIHKJ1a pa6oT no

3KCHiepHmeHTa1ThHOMy HccniegOBaHH1O B03MONKHOCTH yripaBJneHHsI cKa'{KaMH B AIH4ýcy3ope c
HOMOI~bIO MFAJ meTog~a. 40~ cHX HOP 3Ta 3aga'Ia B OCHORHOM mogejiHpOBaJIaCb HyTeM

HCr1OJE30BaHHSI B Kaq{ecT~e pa~otiero BeIIecTBa HOHH3OBaHHOFO HHCPTHOFO ra~a Xe [1].
orInbITKH HOHH3oBaTL B03,qYX c IIomoUhio I-a3OoBro pa~psixa 6buIJH rIpe,2nrpHHATbii aBTopaMH B

[2]. HeKoTopble Teope~TiqecKue pe3yJIbETaTbi HO H~ccjiegOBaHH1O HepaBHOBCCHOR Bo3,ayIIIHoA

HiiBi3mbi 1pHBegleHbI B [3].
Ha nepBOM 3Tane aaHHorH pa6oTbi 6biniH Hdnipo6oBaHbI pa3JIHtIHbie crioco6bi opI-aHH3auHH

ra3oBoro pa3pSIIaa jiA c03gaHHI )jH44My3ori nuia3MbI B HerHOqBH)KHOM o6'beme ra3a. HaH6oniee
riepcriCKTHBHLIM HOHH3aTOPOM B03;jyxa H a3OTa oxa~ajic i Kom6HHHpoBaHHbiH! pa3p5UX,
ocyLLJeCTBjieHHbIfi C nOMOU~bRO H3oJIHpoBaHHb1X, noIAKJIIoxieHHbIX Ha pa3JIH'IHbIe 6ajlniacTHiie
COHPOTHBjieHHI M~biperl. Kom6HHHpOBaHHbI1i pa3pAUX COCTOHT H3 BLI pa~psuJa c tqaCTOTOi4 10
MFYU AJIHTeIIbHo 'CTbIO OKOJ[O 2 MKc. H BEJCOKOBOJ~hTHOI'O HMHYJIbCHOFO pa~psijgagTIHTeJ~bHocTb~o

Hpumep~o 5 MKc. KaK ITOKa3ail 3KCIICpHmeHT HaH6oJIee OaIHOpOAIHEIM pa~pAA rnojly'iae`Fcs npH4

;itaBjieHHH OKOJIO 15 TOPP.

Ha ocH-oBe :)THX aa~HHbix 6biui pa3pa6oTaH MFAT KaHaji C HMr~yJlbcHO- rIepHoLIH'ecKoHj

HOHH~a~jHCii ra3a. HOTOK B03gyxa HJIH a3OTa Co;j~aeTCi B yglapHoft Tpy6e C OTpa>KaIOIUHm

connoM. MFAT KaHaji inpeqCTcaBJIseT co6oft JHH~eiiHO pacmH~p3snoUiiucs Kai-aji c yrniom pacT~opa
22 rpagz, flJIHHO~i 440 mm H HoflCpCqHbIM pa3mepom 40MM. B cepe,~uine 3OHbI BWaHmogeiiCTBM3
tJHcJio' Maxa H1OTOKa M =4, cKopocmb HOTOKa u = 1,4 10 M/c, Temrnepa~ypa ra~a T=350 K,
,aa~jieHae p=l STop. IHH~yKULH3I marHHTHoro nojiu 1 ,5T. Ha 3jieKTPOg~bI HOHH43aTopOB C
HHTepBaTIOM HO0SIgKa 1 OMKc B oneeiHO nOPsua~e noIaIOTCsI KOPOTKHC HOHIH3yiomIHe

HMniyjlbcbI1.
B 9o~iiage 6yayTr npejxc~a~ne~bI pe3y.TIbTaTbi 3KcHiepHmCHTOB no pa6oTe CBepX3BYKOBOFO

MF)q KaHaiia, pa60TaiomrieFO Ha HMn1yJ~bCHO-repHo.1iHqecKoi! HOHH3aIIHH B03,ayxa (a3oTa).
Pa6oTa BbIflOJIHeHa npH no~umepicxe rpaH~a PMOM 05-01-00446a H n~porpammbi

HpC3H~qHyma PAH ((133aHMO)IeftCTBHe BbICOKOCKOPOCTHbix HOTOKOB 1-a3a c iJIaMmoib».
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14. GAS DISCHARGE AIR PLASMA IN SUPERSONIC MHD CHANNEL

S.V.Bobashev, A.V.Erofeev, T.A.Lapushkina, S.A.Poniaev, R.V.Vasil'eva, B.G.Zhukov
Ioffe Physico-Technical Institute Russian Academy of Sciences, St.Petersburg

The aim of this project is to produce a uniform volume of air (nitrogen) gas-discharge
plasma moving in a supersonic MHD channel at Mach numbers M = 3-5 with conductivity
sufficient for MHD interaction (St=0,05).

This project is a continuation of the series of earlier experimental studies on possibility to
control attached shocks in a diffuser by the MHD method. Until now this task has been modeled
by using ionized rare gas as a working medium [1]. Attempts to ionize air by the gas discharge
were reported in [2]. Some theoretical results on investigation of nonequilibrium air plasma are
presented in [3].

Until now the different methods of production of gas discharge for creation of diffuse
plasma in non-moving gas were tested. The results show that the most efficient ionizer for air
and nitrogen is a combined discharge produced through isolated pin electrodes with different
ballast resistances. The combined discharge consists of a HF discharge with a frequency of 10
MHz of 2 mks duration and a high-voltage pulse discharge with a duration of 5 mks. As was
shown experimentally the most uniform discharge is made at pressure of about 15 torr.

On the basis of this data the MHD channel with pulse-periodic gas ionization was made. A
flow of air or nitrogen is produced in a shock tube with a reflecting nozzle. The MHD channel is
a 440-mm long linearly divergent channel with an opening angle of 22 degrees. Its transverse
size is 35 mm. At the middle of the interaction zone the Mach number of the flow is M=4, the
flow velocity is u = 1.4 103 m/s, gas temperature is T=350 K, and pressure is p=15 torr. The
maximum value of magnetic field induction is 1.5 T. Short ionizing pulses are applied to ionizer
electrodes with an interval of 10 inks in a definite sequence.

In the report, results obtained in the experiments with the supersonic MHD channel
operating on the basis of pulse-periodic air (nitrogen) ionization will be presented.

The work was supported by RFBR 05-01-00446a and Program of RAS Presidium
"Interaction of high-speed gas flow with plasma".
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15. PACqET HPOBOAHMOCTH HOTOKA CO3,JABAEMOH 3JIEKTPOHHbIM
HYx1KOM ,aJ15I MFr YHPABJIEHHI1 HOTOKOM

E.F. IIeRKHH
Hay~mo-uccaecoeamelbcKoe npecnpuwmue ounepy•36'oK6bix cucmeu, CaHKm-17emep6yp?

CanKm-17emep6ypecKufi eocy~apcmaeneHbt ynueepcumem

HccnejayeTcA npoulecc OpMHpOBaHHIA nIpOBOAHIIMOCTH B303yIIIHMoro nOTOKa c noMombio

3JIeKTpOHHOrO nlyTIKa B npHYio>KeHHH K npo6neMe MFAJ ynpaBneHnA TeqeHHeM. O6cywqa1oTcA

BJIHIHHe 3.ieKTptHleCKOFO H MaFHHTHOFO nojier- Ha KOHueHTpal1HIO 3.ieKTpOHOB 14 Ha

npOBOAHMOCTb HOTOKa B HepaBHOBeCHOr4 nHa3Me. 14ccJieJIyeTcA BJIH5I4e HeOAHOpOA2HOCTerl
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IHOTOKa Ha npocTpaHCTBeHHoe pacripegeiieH~e MOIUHOCTH BbIJgens~emoir 3jieKTP0HHbIM rnyLiKOM

HipH Hipoxo)KLeHHH T-iepe3 Bo3ALyM1Hb~ii HOTOK. rHpeL7jjio>KeH MeTOAr paCtie~a K0HU~eHTpa1UHH
3JIeKTp0H0B H rHp0B0;jIM0CTH rrU1a3MbJ rHp0CTpaHCTBeHH0 He0.lHOp0AHor0 B03gLyLiuH0F0 rioToKa
CO3JIaBaembie 3jieKTP0HHbIM nytIKOM B YCJI0BHA~X xaaKepbrqi51 MFJI yripaBJIeHHSI IOTOKOM.

15. CALCULATION OF CONDUCTIVITY SUSTAINED BY ELECTRON BEAM IN
MilD FLOW CONTROL APPLICATIONS

E.G. Sheikin
Hypersonic Systems Research Institute, St. Petersburg

Saint-Petersburg State University, St. Petersburg

The process of formation of the air flow conductivity by using electron beam is
investigated in connection with the MHD flow control applications. The electric and magnetic
fields influence on the electron concentration and on the flow conductivity is discussed.
Influence of the flow nonuniformities on the spatial distribution of the energy deposited by e-
beam in the air flow is investigated. The method of calculation of electron concentration and
conductivity of plasma sustained by e-beamn in a nonuniform air flow in conditions typical for
MHD flow control applications is developed.

16. MFAL YHIPABJIEHHE HOTOKOM

B.A.BHTIOpHH, A.H.BomapoB, )A.C.B~apaHoB
HHCMUMYM 6bZCOKUX memnepamyp POCCUCKiic~i AKaoemuu HayK (HBTPA4H), MOCKea

A.B.IKpacHjilbHHKoB, IO.A.HIaaCTHHHH

L4eumpaflbnblzuqHy~mo-ucc,7ecoo6ame.7bC7Cuu unicmumym mautuunocmnpoenwi (L(HIHHMALL[)
Kopofle6, MocKoec~caA o6,laCMb

HIpOBe~jeHbI 4yHtaameH'raJIbHbe HccJiegroBaHHs1 B o6niacTH maFHHTo-nhlia3MeHHoii

a3pQIIHHamHKH 110 M17L y1IpaBjieHHK) BHIUIHHMH H BHyTpeHHHMH TeqeHH5IMH.
3KcniepHMeHTanlbHo H TeopeTW1eCKH HccJiegIoBajiocb MFLj o6TeKaHHe rnpocTeHuHHX Ten1, TaKHX
KaK Kpyri'Jblil IHJIIHHAP H KJIHH. OCHOBHOIri 3agat:ierl q1BJIMjiaCb oijeHKa CHH)KeHHSI Ter1J1OBbIX
riOTOKOB c riomoLLJgho MF)A-B3aHmoqeriCTBHSI H oigeH~a riTHOTHaiHJ1EHX B03MO)KHOCTeii MFAJ
me'Toga~ mog4HUHHpOBaTb nione TeMeHHS1 Ha Bxoge B03,RJyxo3a6opHHKa rHr~ep3ByKOBOI'O

.iICTaTejibHroF annrapaTa.
MFJA ynpa~iieH~e BHyTpeHHHMH TexieHHAMH pacaPHMCE KaK 3ýMýeKTHBHoe

CPejACTBO C T0THKH 3peHH5I HH'reHCH4ýHKaUxHH ripoileccoB cmemieHHsJ H r0peHHA B
BbIC0K0CK0POCTHbix ra3o-rJJIa3MeHHbix niOTOKax. B pa6oTe 4opmyjImpyeTcsl H rnpo~epsieTcA C
HOMOIUMb1 'IHcJIeHHLIX 3KCri1eHmCHT0B H0BA KOHUilerIHA peaK1]IHOHH0F0 o6'1ema.

3KcriepHMeHTaIlbHbIe HCJeOaH rHpOBO)IHJIHCb Ha qLByX yciaHoB~ax c
riapameTpaMH, 6.TiH3KHMH K HaTypHbIM: rHnep3ByKOBor1 aqp0AHHamwH1eCK0i4 Tpy6e IJAFH c
MFrLI YC~opeH~em H10T0Ka (rHrlep3ByKcoBbie Hcr~bITaHHSI) H Xt03BYKOBOM BbIC0Kot1aCT0TH0M
nnia~maTpoHe LJHH14MAIJ1 np0A0n>KHTei1bH0Hk HCripepbIBHOri pa6oTbI (RiO 1H TpaHC3BYKOBbie

HcribITaHH3I). 06e YCTaH0BKH xaa~pHyO~ meraBaTTHbIM YPOBHem 3HeprFHH HO0TOKa. DTH
3KCriepHmeHTb1 co11poBoK;IJaj1Hcb 6oibiuIHm oftemom t1HcJ1eHHbIX pacqeToB C HcHi0J1b30BaHHem

rip0FpamMHOT0 6J1oKa Plasmaero.
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16. MHD FLOW CONTROL

V.A. Bityurin, A.N. Bocharov, D.S.Baranov
Institute of High Temperatures of Russian Academy of Sciences (IVTAN), Moscow

A.V. Krasilnikov, Yu.A. Plastinin
Central Research Institute of Machine Building (TsNIIMash), Korolev, Moscow region

The fundamental study in the field of magneto plasma aerodynamics, and in particular,
MHD control of external and internal flows is presented. The MHD control of the external
hypersonic flow over the simplest bodies such as circular cylinder and wedge is analyzed
experimentally and numerically to estimate the peak heat flux reduction due to MHD interaction
in up-stream area.

The MHD control of internal flows is considered as an effective way to intensify the
processes of the convective-diffusive mixing in high-speed gas-plasma flows. The new concept
of the reacting volume formation formulated and validated with numerical simulations for such
processes earlier is to be studied experimentally.

The experiments conducted at two sub-full scale facilities: hypervelocity MHD driven WT
of blow-down operation at TsAGI (hypersonic flow tests) and subsonic high frequency
plasmatron driven WT of continuous operation at TsNIIMash (sub- and transonic flow tests).
Both facilities are of MW level of flow power. These experiments are supported by wide range
numerical simulations with PlasmAero family computer code.

17. INTERACTION OF PULSED ENERGY DEPOSITION WITH A NORMAL SHOCK:
EXPERIMENTAL AND COMPUTATIONAL INVESTIGATION

Doyle Knight
Rutgers: The State University of New Jersey, Piscataway, NJ

Hong Yan
Dept of Mechanical and Materials Engineering, Wright State University, Dayton, OH

Taylor Swanson, Greg Elliott, and Nick Glumac
University of illinois at Urbana-Champaign, Urbana, IL

A joint experimental and computational study was performed to investigate the flow field
resulting from the interaction of pulsed energy deposition with a normal shock wave created in a
supersonic flow with a nominal Mach number of 1.5. The energy is deposited in the flow by
focusing a laser beam from a pulsed Nd: YAG laser. The laser energy absorbed by the deposition
process was 170 mJ resulting in a nondimensional deposition energy as defined by Yan et al. [1] on
the order of 630. The experiments were conducted at the University of Illinois in a newly
constructed supersonic tunnel with a measured Mach number of 1.4. The location of the
unperturbed normal shock is held relatively constant utilizing a second throat and regulating the
incoming stagnation pressure. Laser positions were investigated with the laser spark focused in the
middle of the normal shock at a streamwise location 25 mm before (Case 1) and
approximately at (Case 2) the normal shock location. Both instantaneous and phase averaged
digital schlieren photography images were taken at delay times ranging from 5 to 220 us relative the
initiating laser spark. The heated region and blast wave are clearly visible, as well as, the resulting
effect on the normal shock train. For Cases 1 and 2 the thermal region created by the energy
deposition process induced a thermal lensing effect on the normal shock as it is locally pulled
forward by the increased speed of sound resulting from the higher temperature which locally
decreases the Mach number. After the heated region passes through the normal shock, the center
of the shock moves slightly upstream resulting in a flattened appearance. As the heated region
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passes through the shock it appears to form into a ring vortex structure with the axis oriented in the
streamwise direction becoming elongated as it convects downstream. The energy deposition and
normal shock interaction was also studied using a two-dimensional numerical simulation utilizing
GASPex to solve the compressible Navier-Stokes equations and a perfect gas model of the energy
deposition process, which has been described previously. [2] Figure 1 shows an image of the
computed Mach number and total pressure contours, and experimental Schlieren image for a
single laser energy pulse (Case 2) upstream of Mach 1.5 normal shock wave-turbulent boundary
layer interaction. Quite clear is the thermal lensing effect on the normal shock wave and the
initiation of the vortex structure, which is observed in both the computations and experiments.

Mach number Dimenisionless pressure

E 0.10.

0.55 0.56 0.57 0.58 0.55 0.57 0.38
x (m) x (m)

Figure 1. Computed Mach number (a) and pressure (b) contours and an
experimentally obtained schlieren image of the interaction of laser energy
deposition with a normal shock in a nominal Mach 1.5 flow.
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18. A KINETIC MODEL OF MICROWAVE ENERGY DEPOSITION IN AIR

Yuri Kolesnichenko
Dept of MHD and Low Temperature Plasma, IVTAN, RAS, Moscow

Dmitri Khmara
Dept of MHD and Low Temperature Plasma, IVTAN, RAS, Moscow

Doyle Knight
Dept of Mechanical and Aerospace Engineering, Rutgers University, New Brunswick,

NJ USA

Recent research on microwave energy deposition in air has emphasized its potential for
aerodynamic flow control. In particular, microwave plasmoids have been demonstrated
experimentally to achieve drag reduction of extraordinary efficiency in supersonic flow past
blunt bodies.[1,2] Perfect gas simulations [3] of the interaction of a thin elongated "density well"
(i. e., the thin filament formed within the microwave plasmoid) with a blunt body in supersonic
flow have confirmed the principal effect to be thermal. However, a more detailed real gas
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model is needed for two reasons. First, the timescales for the relaxation of the gas species
following the microwave pulse range from the order of the pulse duration (-1 ps) to the flow
convection time (- 10 ps). Second, the microwave filament locations are somewhat random.
Since the drag reduction is strongly dependent on the orientation of the filament with respect to
the blunt body shock (i.e., a filament elongated in the direction of the flow and aligned with the
axis of the body yields the largest drag reduction), it is important to develop more detailed
models of microwave energy deposition.

A kinetic model of microwave energy deposition in air has been developed.[4] The
model includes 23 species and 234 reactions. The reaction coefficients of electron-neutral
reactions (excitation, ionization, dissociation, attachment etc) were computed based upon
numerical solutions of the Boltzmann equation for electron energy in an external field using
the code and database EEDF developed at the Insititute for High Temperatures RAS. A
correction factor is applied to field dependent reactions. The gas temperature Tg is
determined by elastic collisions of the electrons, the heat of reactions and rotational heating
through microwave energy deposition.

Results for the simulation of microwave energy deposition in air at 70 Torr and initial Tg
of 200 K are shown in Figs. 1 to 3. The microwave frequency is 9 GHz, and the specified pulse
duration is 1.8 ps with a maximum field 3.687 kV/cm (Fig. 1). The electron concentration and
energy deposition are shown in Figs. 2 and 3. The computed gas temperature Tg at t = 3.6 ps is
280 K which agrees closely with the experimental Tg - 270 K at the end of the pulse.

Figure 1. E vs t Figure 2. Ne vs t Figure 3. e vs t
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19. HHHUHA1UII5 H HOAEPWIAH14E CJIAUOf4 jETOHAUH4OHH~fh BOJIHbI B
HOTOKE CO CKOPOCThIO BbIIIIE CEOPOCTH T1EHMEHA-WKYFE C

HOMOH4hIO MHKPOBOJIHOBOIFO PA3Pqa2IA

KHpHJiiji B. Xo)gaTaeB
Pf'YH "MocK06c1KUfi PaouomexnuutecKUi1 HUemumym PAH"

Cnioco6Hocmb MHKI)OBOJIHOBOFO nOI0,apHTH'iecKoro pa~p~iaa BbICOKoI'o gaBJIeHH5I

HHHIJHHPOBaTb H rioaa.Iep)KHBaTb ropeHHe B ropWIoHX Fa3OBbIX cmeCSIX B BbICOKO-CK~pOCTHbIX

HOTOKax (BnnIoTb aTO CBepX3ByKOBbIx) HO0Ka3aHO TeopeTHilecKil H 3KCriepHmeHTaJnbHO. [1-4]
TeopeTH'qecKoe HccjiegT0BaHHe nipeJgcKa3bI~aeT, WIO MHKpoBoJIHOBbie pa3pSU)jhI 3T0T0 THrna
CnOCo6Hbl 1HHIXHHPOBaTb He TOJIbKo ropeHHe, HO TaK)KC H ge'r~OHa1ilmo. BOJIOKHHCTaS1 CTY~p

pa~psuia c03=~eT rop5PiHe aKTHBHbie ijeHTpbI nioao6Ho aKT14BHbIM TOqiKaM B AqtejiKax 4pOHTa
gLeToHagi4oHHOri BOJIHb B pexKHme 'leniMeHa - )Kyre. 3T 0O3HaxiaeT, 'ITO HCKYCCTBeHHbie

aKTHBHbie TO'qKH, CO3,aaBaembie MHKPOBOJIHOBbIM pa3pA;XOM B oripegLejieHHOi o611aCTH IIOTOKa

ropioxieii cmecH, MOryT 4)OpMHpOBaTb KBa3HCTaIjtHOHaPHyIO cnia6yio (He~joc)KaTy10) BOJIHY

geTOHaiLWH B 3aXtaHHOM MecTe. CTHMyJrnpyemasI ciia6asi BOJIHa ,TeTOHaUHH mo)KeT cymeCTBOBaTb

B IIHPOKOM JgHania3OHe CKOPOCTH Ha6eraiomLero IIOTOKa, ecYTH OHa nipe~rnI~aeT CKOPOCTE,
'IenimeHa-)Kyre.

H~pHmeHeHHe geTOHaIjHOHHOFO pe)KHma ropeHHA B peaKTHBHbIX ,LBHraTe.JlbHbIX

CHCTemax o6cyxcaeTcs1 B Te'leHHe 6ojiee HO0JIOBHHbI CTojieTH5I. HaH6bJIee n~pHBjIeKaTej~bHor4

ABJRheTC5 HJgeS HCr1OJ~b3OBaHHA CTaLUHoHapHOH1 BOEIHM geTOHaUjHH. OTme'*ieHHbie crioco6Hocm1
MHKpOBOJIHOBoT'o HO1TUpHTHxIeCKoFo pa~psuja HiOMOFyT peiua~b HeKOTOPbie npo611embi,
KacaiowIjecsi pa3pa6oTKH peaKTHBHb1X JABHFaTeJieft, OCHoBaHHbIX Ha geTOHaLUIOHHOM ropeHHI B
CTaIIHOHaPHOM pe)KHMe.
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19. WEAK DETONATION WAVE IGNITION AND SUSTAINING IN OVER CJ-SPEED
FLOW BY MEANS OF UNDERCRITICAL MICROWAVE DISCHARGE

Kirill V. Khodataev
UFSF "Moscow Radiotechnical Institute of RAS"

The microwave undercritical high pressure discharges ability to ignite and to sustain
combustion in flammable gas mixes in high-speedy flows (up to supersonic flows) is shown

theoretically and experimentally. The performed theoretical study predicts that microwave

discharges of the same type are able to ignite not only combustion, but detonation too. The
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filamentary structure of discharge creates the hot active centers like active points in cells in front
of CJ detonation wave. It means that artificial active points, created by microwave radiation in
definite region of combustible mix flow, will able to provoke the quasi-stationary weak
detonation wave in fixed location. The stimulated weak detonation wave can exist at wide
diapason of oncoming flow speed, if it is more CJ velocity.

Application of detonation regime of burning in propulsive systems is discussed during
more than half century. The most attractive idea is based on use of standing detonation wave in
jet engines. Noted property of microwave undercritical discharge will help to solve some
problems concerning to design of propulsive jet engines based on detonation in continuous
mode.
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20. CONTROL OF FLOW PAST A WING SECTION WITH PLASMA-BASED BODY
FORCES

Datta Gaitonde, Miguel Visbal, and Subrata Roy

The response of the flow past a stalled NACA 0015 airfoil at 15 deg angle of attack and
Reynolds number of 45, 000 to body forces originating from radio-frequency asymmetric
dielectric-barrier-discharge actuators is described via direct numerical simulations. The
theoretical model couples a phenomenologically derived averaged body force with a high-order
3-D compressible Navier-Stokes solver. The body force distribution is assumed to vary linearly,
diminishing away from the surface until the critical electric field limit is reached. Various
magnitudes and orientations of the force field are explored, ranging from vertically upwards
(away from the body) to vertically downwards (towards the body). The imposed body forces
couple to the non-linear inertial terms and the pressure gradients to engender a complex
sequence of events. A significant streamwise component of body force assures the reduction or
elimination of stall with the formation of a stable wall-jet.

When the only component of the force vector is pointed normal to and away from the
surface, no control effect is achieved. On the other hand, when the force vector is directed
towards the surface, a shallower separation region is observed relative to the no-control case, but
is accompanied by unsteady boundary layer development. At the low Mach number considered
(0.1), the work done by the force has little impact on the solution, and density variations remain
less than 5%. Relaxation effects are explored by abruptly switching off the force, and

estimates of response times are noted. The lack of a proper spanwise breakdown
mechanism for the separated shear layer in 2-D simulations results in large coherent structures,
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whose response in transient and unsteady asymptotic states differ significantly from those
observed in 3-D. Nonetheless, if the force is sufficiently effective to eliminate separation, the
flowfield becomes generally two-dimensional and steady in the vicinity of the airfoil, and the
overall results from 2-D and 3-D analyses are similar.

21. COBMECTHOE HCHOJIb3OBAHHE BjYBA FA3A H CB'1 PA3P"1LA ALJL51
YMEHbHIEHHJI COHIPOTHBJIEHH5I B CBEPX3BYICOBOM HOJIETE

JAamioB B.A., Maulei H.AL, AHHCHMOB 10.11., HBaHOB B.H.
CaHKm EHemep6yp.OCKui ,ocyoqpcm~eeHub1'i yHUeepcumem

1CoJecHHqeH1Co 10~.0
HHcmumym BbICOKux Temnepamyp PAN, MOCKea

A3apoBa 0.A.
Bbzttucflume,7bubzii Lfenmp PAN, MoCKea

MHKpoBOJIHoBblri pa3pqiT 3IBYiseTCq HHTepeCHbim ra3O~jHHamw'IeCKHM o6ICeKTOM, KoTopbIH

MO)KHO HCI1OJ~b3OBaTb )fIJSI1 cyiiecT~eHHoro HMmelH~HH a3PoArHHaMHq~ecKoro COH~pOTHBJIeHH31

TeJIa. Bi~xpeBoe ABH)I(CHHe B yzLapnoM cjioe Ha Tejie, Bb13BaHHoe B3aHmoa~er1CTBHem

B036ywK)WHHorH nocnie C131 pa~psuga o6niacTH rasa, c rojiOBHOr yIapHoHi BOJIHOHi, CCTb

rnpHHLjHr1HaJ~bHbIii mexaHH3M H3MeHeHH5I COIIPOTHBjieHH5I Teila [1].
H~ony'qeHbI HOBbie pe3yJIbTaTbi 1IOBeJqHH31 nio6oBori H o6uixeii CHJI COHipOTHBJIeHHSI B

nipoiuecce B3aHmoLjeftCTBHsI TOHKOrH orpaHwieHHok n1o ,U[HHC o6niacT r'a3a c HIOHH)KeHHOrI

HJIOTHOCTMO C yjIapHLIM cj1oeM Ha 3aTriiJieHHOM LUUI1HHLjpe. rHpHcyTcTBHe HoJIOCTH B UJHJIHHafpe

YCHJIHaaeT 344eKT ymelHbuiflHHS1 CHJIbI coripOTHBJIeHHSI rIpH B3aHmoger1CTBHH CBHI pa~psuaa c
TejioM. O6Hapy)KeHO, "ITO B 3TOM cniy'ae CJiia nio6oBor'o COHIOTHBj1CHH5I mo2KeT HMeTb ATBa HJIH
TPH MHHHmyma. '-IHcjieHHoe mo~jejiHpOBaHHe OCHOBaHO Ha ypaBHCHHSIx Dr3iiepa.

rlpOBegzeHbI 3KcriepHmeHTaj~bHbie Hcciiego~aHusi r1OBeIgeHH3I gZaBJ1eHH31 Ha JIo6oBorH
HIOBepXHOCTH 3aTyTIJReHHbIX Teil, KOTOpbIe HmeIOT BHyTpeHH1OK) noI~iocTb, B YCJIOBH5IX C13H
pa3pSIqga. DKcCepHMeHTb6I r1OaTBepAHJIH, 'ITO BqtyB ra~a B yg2aplbIrl ciior CHHXPOHHO c CBM4
pa3pSUAOM ydHJIHBaeT Bnxpe~oe ABH)KeHHe, KOTOpoe Bege'T K cyIUCCTBeHHOMY CHH)KeHI4IO

COr1pOTHBJ1CHH1O Tenia [2].
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The microwave discharge is an interesting object, making possible a substantial change of
the bodies' aerodynamic drag. The principal mechanism, leading to the body's aerodynamic
characteristics change is gas vortex motion caused by the interaction of the gas area excited by
the discharge and the shock layer on the body [1].

New results on behavior of front drag force and total drag force during an interaction of a
thin limited length low-density channel - cylinder shock layer have been obtained. Presence of
the cavity in the cylinder body amplifies the effects of drag force reduction in the process of thin
low density channel - shock layer interaction and the presence of two or three minimums in the
front drag force dependence on time is possible. Numerical modeling is based on the Euler
equations.

Experimental research has been conducted to study the pressure behavior on the blunt
body's front surface in the circumstances of the microwave discharge, using a model with a
hollow inside. The experiments have proved that the injection of gas into the shock layer
synchronized with the microwave discharge boosts the vortex flow, which leads to a significant
reduction of the body's drag [2].
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22. CBTI PA3PIl~bI B BIlCOKOCKOPOCTHOM HIOTOKE: OCHOBHblE
CBOIJCTBA H HPHMEHEHHE

B.M.HIH6KOB, A.,J.A6paMOBa, A.O.AneKccaHapoB, B.A.'qepHHKOB, A.HI.EpMoB,
A.A.KapaieB, P.C.KOHCTaHTHHOBCKHH-, JI.B.LIIH6KOBa, B.B.311O6HH

ft3uuecKul qbaKy,7bmem MTY w. M.B.floJwonoco6a, MocKea

B jAOKjiajae npeA2cTaBneHbi pe3yJIbTaTbI 'HCCJyeAoBanHf HH3KOTeMrIepaTypHOii Jnia3MbM
CBH pa3pArAOB, BbIIIOJIHHHbie B TefeHHe HocneTsHHx RIeT Ha 4=,3HteCKOM 4baKyJibTeTe MFY
HM. M.B.JIOMOHOCOBa.

HOKa3aHO, qTO iMnJyJILCHaA5 MOIIMHOCTb, Heo6xoAtMaA ARIAi CO3,aaH5IA HoBepXHOCTHoro

CB'1 pa3psiza B InIHpOKOM aiaria3OHe aLaBJIeHHr1 BO3,ayxa 10"3+103 Top, He npear~imaex
BejiitIHHbI 10 KBT. Pa3pas 1IpeqicTaBnsieT co60o TOHKHri IiIa3MeHHbIH cjioH, paBHOMepHO
HioKpb1iBaiouHr BHeMHIIoO HOBepXHOCTb aHTeHHbI. CKOpOCTb pacnpocTpaHeHI-.I pa3psiza MO)KeT
ALOCTHFaTb BseiiHtHHbI 100 KM/C, MTO Ha HeCKOJIbKO IIOpAlA2KOB BeJIH'qHHbI npeBbilIaeT CKOpOCTb

3BYKa B B03,ayxe. BOJIHa npo6oq onpexemieT CKOpOCTpc pacnpocTpaseHHlA nOBepXHOCTHOrO

pa3psua B nepsrle MOMeHTbI ero BO3HHKHOBeHHAI (t=1-3 MKC). AM6mnOJIApHaSI qlH44by3Hq

OTBeTCTBeHHa 3a MeXaHH3M pacnpocTpaneHH31 paspsaa B CTagtH ero pa3BHTH51 (t=3-100 MKC),
Torma KaK MexaHH3M Me.e1IeHHOrO ropeHHAs BO3MO)KeH TOJIbKO Ha CTaItHOHapHOfi CTaTJHH
cylueCTBOBaHiHA pa3psaua (t>100 MKC). DnneKTpw-iecKoe none JIOKaIIH3OBaHO B TOHKOM

HIpHOBepXHOCTHOM cioe TOJIIHHOR -1 MM. Bonbmiuoe 3HaieHHe HpHBsegeHHOrO 3JIeKTpHqeCKOrO
noJiA E/n=100-500 Td BegeT K 34•MeKTHBHOMY BKJiagXy 3HeprHH B rlJia3My, TO eCTb K 6blCTpOMy
HarpeBy rata H 344IeKThBHOH Hapa6oTKe aKTHBHbIX H 3apAxKeHHbIX naCTHuI. TeMnepaTypa ra3
,qOCTHvaeT 1000-2000 K, a Ha HaqaiiBHOri CTaAHH 4bOpMHpOBaHHA HIOBepXHOCTHOrO pa~pquIa
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Ha6RnQLzaeTCs1 6bICTpblii HarpeB BO3,ayxa co CKOPOCTbIO -70 K/MKC.

HIpH 4ýOpMHpOMHHH niogaBRJ1Monwero 6oJIbHIHHCTBa BHJAOB ra3OBOrO pa~psuta
HCrIOJ~b3y1OTCS1 OAHO- HJIH MHoro3J1eKTPOAHbie CHCTemb I nOJBoga 3HeprHH, tITO c ripaKTHt ieCKorH
TOT.IKH 3peHH5I MaJ1ollpHrOALHO ARA1S IHCTaHgJHoHHoro C03AaHHA1 HJiB3MbI B 3aL~aHHOii o6iiacTH
n1pocTpaHCTBa. 14 JIHiub 6e3DneKTpoJAHue CHOTembl, HCflOJ~b3yioLUjHe IJ13 HoAtBogLa
3JReITpomaFHHTHoii 3HeprHH C4ýOKYCHpOBaHHbie Hy'KH, H~eaREHO flO'qXOA5T JULA 3T011 UeJIH.
CBo6oAHO J1OKaJ1H3oBaHHbIIA CBH4 pa3pAAJ B BOJIHOBbIX HOJISX SlBJI1AeTc5 oLHOri H13 TaKHx CHCTem.
B cniyiae CB060LHO .lIoKauii3oBaHHoro pa~psija 3YiCKTpH'ieCKoe rIoJIC J1oKaTIH3oBaHo B o6JRaCTH
KayCTHKH C4)OKYCHpOBaHHOrO CBM nIyMKa. 3Ta JRoKaJIH3aIjHSI He 3aBIHCHT OT TOrO, 'ITO
3JICKTpomarHHTHaS1 3HeprH51 4OKYCHpyeTCA IH£160 B HeCHOJBH)KHb~i4, RH6o B ,LIBH)Ky'Wl~riC5 ra3. A
TaK KaK ripo6orl ra~a B YCJIOBH5IX CBo6O.AHO JIOKaIH3oBaHHiOFO CBLI pa~psuga IIPOHCXOUIHT 3a
BpeM5I meHbiuee, 'leM BpemSI ]?IOTeKaHH51 ra~a 'epe3 o6RaCTb 3aH51Tyio pa3psUAoM, TO pa3p5Ug He
CjtyBaeTCsi CBePX3BYKOBbIM HOTOKOM B03Atyxa.

3KCrIepHmeHTaJIbHO HccJICToBaHO BOcnIJImeHeHHe CBePX3BYKOBOrO HO0TOKa niporlaH-
B03ALY1HIHOrH cmeCH C HOMO19bIO CBo6OJAHO RIoKaRIH3oBaHHOrO CBHq pa3pAI.La, riOBepXHOCTHOFO

CB3M pa~psuia Hi KoM6HHHpoBaHHoro CBT-1 pa3psuia. 1IoKa3aHo, 'ITO Bce THribI CB'1 pa3p5IJIOB

HIPHBOAA5T K HaJge)KHOMY BOcHJi~meHeHH1O yrJ~eBoJAopoLHOrO TOIUJIHBa. Peajini3oBaHo
CTaIIHoHapHoe ropeHne nporiaH-BO3JAy111HOrO CBepX3ByKoBOr'o rIOTOKa B YCJIOBHSIX
KoM6HHHpoBaHHorO CBHI pa~psxga Hi pa~psuga HIOCTOSIHHoFO TOKa.

ARAI5 Haxo)KJxeHH51 CTe~H~H1 BJIHSIHHI pa3RH1H'IbIX KaHaJIOB niepegla'H 9HeprHH Ha
BOcHJi~meHeHHe ropiotiHXx CBepX3BYKOBbIX H1OTOKOB pa3pa6oTaHa kHHeTHtqeCKaSI mo}J~lb
ropeHnsi B03A~yUHO-yrjieBOA~OpOALHb1X eMecerl, y'IHTbIBaioIijaS BJIHSIHHe 3JleKTp14tlecKoro H1OJI
Ha IIpo1Jccbi JAHCCOUjHaUjIH moJIeKyJI H CO3JgaHHSI aKTHBHbIX pa.2HaJRoB, Bo36y>KexiHbIX Hi
3apA>KeHHbIIX T-iCTHIU B YCJIOBH51X HepaBHoBeCHOR~ ra3opa3psUAHor nijla3mbi. BbIABRnexio C1HJIbHoe
BJIH5IHHe BeJIHtIHHbl IIpHBCJgCHHOFO 3JIeKTPH'IeCKOFO rHO.15 Ha HHJAYKIJHOHHbIr4 riepxioj.

Pa6oTa nroAuepicaxia POCCHuiCKHM ýOHJAOM 4ýyHJLMeHTajibHbIX H4CCJeJAoBaHHui (nipoeKT
P001M4 X2 05-02-16532).

22. MICROWAVE DISCHARGES IN HIGH-SPEED FLOW: FUNDAMENTALS AND
APPLICATION

V.M.Shibkov, A.D.Abramova, A.F.Aleksandrov, V.A.Chernikov, A.P.Ershov,
A.A..Karachev, R.S.Konstantinovskij, L.V.Shibkova, V.V.Zlobin

Physical Faculty of the Moscow State University

The results of researches of low-temperature non-equilibrium microwave plasmas which
have been carried out at Physical Faculty of the Moscow State University within last several
years are submitted in the report.

The surface microwave discharge is shown to represent a thin plasma layer that uniformly
covers the antenna surface. In experiments, the teak pulse power necessary to excite the
discharge in a wide range of air pressures from 10 Pto 103 Torr is no higher than 100 kW. The
discharge propagation velocity may be as high as 100 km/s. The breakdown wave defines the
velocity of the discharge at its early stages (t = 1-3 ýts). Ambipolar diffusion governs the discharge

propagation at the stage of its evolution (t = 3 -100 [ts), and, finally, slow surface combustion is

possible only at the stationary stage of the discharge (t > 100 j[is). The electric field is localized in a
thin (-1 mm) surface layer. High values of the reduced electric field, E/n 100-500 Td, provide
efficient energy deposition to the plasma, i.e., favor the rapid heating of the gas and the efficient

generation of charged particles. It is shown that the gas temperature may rise to 1000-2000 K,
rapidly increasing (with a rate of -70 K/ýts) at the early stage of discharge evolution.

Most of gas discharges are produced with the use of single- or multielectrode energy
supply systems. From the practical standpoint, such systems are poorly suited to remotely
control plasma production in a certain spatial region. Electrodeless systems in which freely
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localized discharges are produced using focused microwave beams are best suited for this
purpose. In a freely localized discharge, the electric field is localized in the waist region of a
focused microwave beam. Gas breakdown in a microwave discharge occurs over a time that is
shorter than the time during which the gas propagates through the discharge; therefore, the
discharge is not blown off by the supersonic flow.

The ignition of supersonic flow of a propane-air mixture with use of freely localized
microwave discharge, surface microwave discharge, and combined microwave-direct current
discharge was experimentally investigated. It was shown, that the all types of the discharges
result in a reliable ignition of hydrocarbon fuel. Combustion of a propane-air supersonic stream
is realized under condition of the combined surface microwave and direct current discharge.

For finding-out of influence of different channels of energy transfer on ignition of
combustible mixtures in supersonic flow the kinetic model of ignition of hydrocarbons-air
mixtures at taking into account of influence of electric field on processes of dissociation
molecules and creation of the active radicals, excited and charged particles under conditions of
non-equilibrium plasma of the gas discharge was developed. Mathematical modelling has
revealed strong influence of the reduced electric field on induction time.

The work was supported by the RFBR (grant #05-02-16532).

23. 3JEKTPOMAFHHTHOE, YCTPOfHCTBO )1J15 BO3,LaEHCTBHA5 HA
CTPYKTYPY CBEPX3BYKOBOFO OB;TEKAHHJI TEJIA BPAIUEHH$I

B.A. CaxapoB, H.H1. MeHjge, C.B. Eo6aMeB
cPu3uKo-mexnuqec~ufi unemumym awi. A. 0P. Hogt]4e PAH, C -H~emep6yp,-

D. M. Van Wie
Johns Hopkins University, Laurel, Maryland, 20723, US.A.

B HacTo~mege pa6oTe npejuio>KeHo, C03,gaHO H HCnbITaHO 3.TIeKTpomarHHTHoe
ycTporIcTBO, KOTOpoe nomeiiuaecTC BHYTPH MOLeJIH, o6'reKaeMorl CBepX3ByKOBbIM nOTOKOM.

Moxaeimb npeqC~a~nsieT co6ofi UHJIHHap 28MM B )lHameTpe, niepexoRAt1luHr B KOHYC c pacTBopoM

60'. BHyTpH UHJ1HHT~pH'IeCKOri qIaCTH B6JIH3H HOBepXHOCTH pammeC MaI'HHTH3Ji KaTyHIiKa,
co.Tlep)Kauiias 20 BHTKOB me~gHoro nipOogoagTameTpom 1MM. OaiHH KOHeU KaTylIIKH con~e~onaa

npHcoeALHHeH K 3YieKTpO0ljy B BHie MeTaJIJIH'iecKoro KoJibua, pamileHF B mec~e
co'LjieHeHHA LUHJIHH.TIpa H KoHyca. Banonb ocH Tenia rioemelH ijeHTpajibHbIr1 3nieKTpo~,T,
npg~B11~H co6oil meIjHb1ii CTep)KeHb 6MM B ziHmeTpe. OJ[HH KOHefl CTCp>KHS[

3aKaH'IHBaeTC5I KOHYCOM c paCTBopom 60' H o6pa3yeT nepeaHIuiio KOHHqecCKyio qaCTb MOJgeiH.
BTOpO~i KOHeij CTepKHS1 H BTopori KOHeLj KaTyu1IKH-cojieHOH~ja COeJqHHeHbI C Bb1Xo~tamH

HCTOq-HHKa HarnpADKeHH5I. B i~aiiecTe NCTOMHHKa HmriyJlbCHoI'o HariPADKeHHA Hcrioib~yeTcs

J11HHAS c pacnpeLjejieHHbIMH rlapaMeTpaMll, cocTositiasi H3 14 LC A'ieeK, KOTO~~SI nepe4n

3KcneCpMmeHTOM 3apsiKaeTcsi ;10 HanIPSDKeHH5 BaJHanmHe3H 300-700 V. B 3JIKTpHMecK~ Uef

riHTaHHSI ycTpoticTa BKjiioqCH HMny.jibCHbIr1 TpaHcc~opMaTop, KOTOph~ll HHH1IHHpyeT pa~pqa

me)KLay ,LJByMA 3JeKTpo2IamH: KOJRbUOM H nepe2jHer4 KOHHtICCKofl q~aCTbio cTep)KHA. TOK pamp5Ua,
npoxojrIA no KaTymHKe, re~epiipyeT MaI-HHTHoC nonie conie~oH~a. MaI-HHTHoe nonie HpHBOJRHT

pa3psUgHbiri LlHYP BO BpaHueHHH BOKpyr rioBepXHOCTH xo~yca Hoa ,TeriCTBHem CHJibi .JlopeHuja B

a3HMyTaJlbHoM HaripaBnieHHH. B HauiHx onbI~ax THHH1'iHble TOKH pa~psu~a COCTaBYI~IJIH -IKA, a
JXJIHTCJIbHOCTb pa~puma 1.0-1.5 Mc.

Mogenlb riomeiijanacb B CBepx3ByKOBOri nOTOK a3oTa c napaMeTpaMmd: ;ja~jneHne

50 m6ap, rIJIOTHOCTh ra~a -0.04 Kr/M 3 (jacTcM 3) , Temnepa~ypa -~ 400 K, cK(OPOCTL - 1600 m/c,
1HHCRO Maxa 4, c~agjHonap~bie niapame~pbI IIOTOKa coxpaHAJIHcL B TeqCHHH -1 .5mc. B 3THX

ycRioBHAX C NOMOHLbIO cneilmajlbHOii BbICOKOCKOpOCTHOft ýJOTOrpacýHH H3mep~iJIC lacb aToTa

BpalleHHA pa3p5UAHoFo LU~ypa. B 3aBHCHMOCTH OT HanipaljneHH5I TOKa pa~psua macTo~a

BpalljeHH51 meHSIJach OT 15 Ao 30 KIFI.
KapTHHa o6TeKaHHSI MoaeJH CBepX3ByKOBb1M HOTOKOM pel-HCTPHpoBaJnacb LunHpeH-
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MeTOaOM. YCTaHOBJIeHO, tqTO ygapHO-BOJIHOBa5i cTpyKTypa IIOTOKa rIpi reHepauHnH pa3psl)Aa
CyuLeCTBeHHO MeHSeTC31 Ho cpaBHeHHIO C KapTHHOH O6TeKaHHIA 6e3

MaHHTOrHnpo)LHHaMH'qecKoro (MFA) Bo3eflicTBH31. KOHCTPyKUH31 npegLuaraeMoro yCTpOriCTBa
coeLIHHSqeT B ce6e Bce Heo6xogHMbie )JR31 opraHH3aXHH 394MeKTHBHOrO MF,1 B3aHMOgetiCTBHA
3jieMeHTbI (MarHHTHEbXi HHAyKTOp H CHCTeMy 3jieKTpOJOB), aejiaa BO3MOWHbLM
3Kcnep eH MoI1HeaepoBaHHe MFI niporueCCOB npH BHSHeHeM o6TeKaHHH. 31CHbiri

4)H31WeCKHH HIPHHIUHn H I1POCTOTa KOHCTPYKIXHH IIO3BOJTIIOT He3aBHCHMO H3MeHqITb BeJIHHwHbI

TOKa H MaFHHTHOro nomA, a TaK)Ke Mo•HJU lHUnpoBaTb pacCMOTpeHHyIO cxeMy yCTpOriCTBa B
n~iaHe H3MeHeHHSI pa3MepOB MogenIH H HClIOJl3OBaHHAI pa3HIHqHblX 3RIeKTpOrIHbjX CHCTeM B

COOTBeTCTBHe C 3agaqaMH Hccjie,1oBaHHsl.
Pa6oTa BbIrIOJIHeHa InpH nioJUep)Kle EOARD (IlpoeeT MHTIJ X2 2009) H HIporpaMMbI

r1pe314giyma PAH X2 20 (2002-2005 rr.).

23. AN ELECTROMAGNETIC FACILITY FOR PRODUCING AN IMPACT ON A
SUPERSONIC FLOW ABOUT A BODY OF REVOLUTION

V.A Sakharov, N.P. Mende, S.V. Bobashev
A.F. Joffe Physico-Technical Institute of Russian Academy of Sciences, Saint-Petersburg

D. M. Van Wie
Johns Hopkins University, Laurel, Maryland, 20723, US.A.

The aim of the present work consists in designing, manufacturing, and testing an
electromagnetic facility that can be housed inside a body abounding in a supersonic flow.

The model is a 600 sharp cone mated with a cylinder. The cylinder diameter is 28 mm.
Inside the cylindrical part, near its surface there is a magnetic coil consisting of 20 turns of
copper wire of 1 mm in diameter. Near the plane of mating the cone and cylinder there is a metal
ring serving as an electrode connected with one end of the coil. Along the body axis the central
electrode is located (brass bar of 6 mm in diameter with the conical nose part). The central
electrode and the second coil end are connected with an external voltage source. The voltage
source is a circuit consisting of LC cells charged up to needed voltage. In the circuit a pulsed
transformer is connected in series. With the help of transformer an electric discharge is initiated
between the central and ring electrodes. The discharge current flowing through the coil
establishes the magnetic field. The magnetic field causes rotation of the linear electric discharge
around the cone surface in the azimuthal direction. The heating of the gas by the electric current
should cause variation of the flow parameters and flow structure as a whole.

The proposed device was tested in a supersonic nitrogen flow. The flow parameters in the
mainstream in front of the model were: pressure 50 mbar, density 0.04 kg/m 3, temperature 440
K, velocity 1600 m/s, and Mach number 4. The constancy of the parameters is retained during
S1.5 ms. The pulse of the electric current through the electromagnetic device possessed
approximately the same duration and attained - 1 kA in amplitude. Two Schlieren patterns of the
flow about the body of revolution - with no electrical discharge and with the presence of it
demonstrated strong influence of the rotating electric discharge on the supersonic flow structure.

The frequency of rotation of the discharge was detected with the help of a high-speed
photo recorder. This frequency depends on the direction of the electric current and in our
experiments varied from 15 to 30 kHz.

The device described, in our opinion, paves the way to a new and interesting approach to
magnetohydrodynamic (MHD) control of supersonic flows. The design of the device combines
all components necessary for implementation of an effective MHB interaction - magnetic system
and set of electrodes, and makes it possible to model MHD processes in external flows. Clear
physical principle and simplicity of the design allow one to vary independently the current
strength and magnetic induction, as well as to simply modify the device varying its dimensions
and employing various systems of electrodes in accordance with the problem under study.
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The work was supported by BOARD (ISTC project no. 2009) and Program no. 20 of the
Presidium of RAS (2002-2005).

24. KHHETHqECKOE MOALEJIHPOBAHHE B3AHMOLAERCTBH5I CB' I OJAH
C PACHIA;AIOIIUEiiC$I JA3EPHOfH HJIA3MOHi B B039YXE

10. (D. KoJ~ecHHqeH1o,;J~. B. Xmapa
HHcmumym BbicoKux Temnepamyp PAH, MOCKea

H~poBe~eHO qHcYieHHOe moe1POa~ pacna~Ila JIa3epHori riIJa3mbi, npaaHHOab

pewKHMbI B3aHmoLqeriCTBHSI CBH1 n1oJns c pacnajawolgeiic nJIa3morlJIia3epHoii H4CKpbI. Llebimo

KHHeTHT~eCKoro Mo;IeJIHpoBaHHSI 51B3IsIacb oueHKa YCJIOBHri HHHiHaumH CBT4 pa~pAula TaKOrl

JI~a3mog. Onpe~ie.IenJ1HcE BpemeHHbie HHTepBaTnbl, B TelqeHHe KOTOpbIX OCTaTOqHasl

KOHueHTpaijHA 3JIeKTPOHOB H JIROTHOCTb ra3oBofl Cpe~bi AIOCTaTotlHbI ARAL51 pOHHKHOBHH51A

B~emuero CBH4 nonsi. rlpo6iiema pa3,TaejieHa Ha aTJBe riocfiJgOBaTeJIbHbIX 3atma-I:

mo~~ieiHpOBaHHe pacnag~a j~a3epHOfi fliii3MbI H mo~feJlHpOBaHHe CBHl B3aHmoafer4CTBHAI C TaKorH

ruiammor.

)Ai~Js peuiieHHsi nepBorH 3aJqa'-H II14HHT nO,L4XOJ, Korjga 3a HatIaJbHbie YCJTOBH51 HIHHHmaeTCA

COCTOSIHHC JIa3epHOrl n.Ta3MbI, KOTOpoe 3KcnepHmeHTaJIbHO onipe;IeJeeHo KaK

TepmO.1JHHamwxieCKH paBHOBeCHoe, XO1J Temrnepa~ypbi OT BpemeHH 6epeTcsI H3 3Kre~e~ [1].
a A~ajee KHHeTHtieCKI4 pacCCIHTbIBaCTCS 3JICKTPOHHa5I KOHi~eHTpaflHs/Hip6BOAI4MocTb B

pacnagaboumericsi o611aCTH. rIoKa3aHo, tITO peKoM6HHai1HoHHbII4 xapaK~ep pacriagaioulerICsl
rLl~l3MbI IIpHBOJIHT K OTKJIOHeHHIO KoHi~eHTpaU1Hi4 3apADKeHHbIX 'TaCTHUj OT HX

Tem;HaHqCH 3HaqeHHH B CBepxpaBHOBCCHYIO CTOPOHy. 3io OTJIltme CTaHOBIHTCS BCe
6oniee 3ameTHbIM B npoixecce OCTbIBaHH5I ra3o-nIIJa3meHHori o6.iiaCTH. H~pH HH3KHX Temnepa~ypax
ra~a (nOpqU~Ka 3000K H HH>Ke) peKoM6HHaiUL51 Beg~eT K 6blcTpoii AleH4OHH3auHH nijiambI. [Ipn
:)TOM BHemlHee CBH4 3ie~~mCo none HamIHHaeT rHpOHHKaTb B niiaI3my.

TpH pe>KHma B3aHMOJ~eiicTBHsI CBH4 ny"a c pacnagnalonueiicM JIa3epHdr i nna3morl moryT
6blTm BbflejieHbi npH aTmoC4~epHoM AIaBneHHH. flepBblri i pexqc~aaBiieT Co6oii HHHuHaLwHI CBH-
pa~psuxa Ha CHYIbHO npoBoaLIIUefl JnaweHOr Thiii3Me H HO BpCmCHH OrpaHHq-eH nepBBbIM 80
mHKpoceKyHJULMH. BTOP09i pexKHm np)J~C~aBJ1,qeT co,6oi HHHiHaumo CB'-I pa~pquxa
rioc e)CTBOM npo6osi pa3pe)KeHHoil H ymepeHHO-npOBoATisu~ei1 o6niacTH HCKpbM, Korqza CBMl none

Ha'IHHaeTr HIOHHKaTE B Hee. H nocYIeaTHHii pe>KHM SIB3iHeTCS1 HarpeBOM nJla3Mbl (HJIH
JAHccHnaiJmef 3HeprHH) B noaiOJXOrOOBOM HeBO3ymYUHHom nione, H~pHBOAUIULHM K re~epauJHH
ygLapHOrl BOJIHbI. 3ToT pC)KHm nIpocTpaeTcsi BO BpCmeHH ;J0 HeCKOJIbKHX COTeH MHKpoceKyHJa.
H~pejrcTaBnieHb1 3aBHCHMOCTH Bbi~~eiieHHbIX pC)KHMOB OT HCXOJAHoro 42aBjieHHA ra3a,
H4HTeHCHBHOCTH4 CBHl BOJIHbI H AJYIHTeJIbHOCTH MHKPOBOJIHOBOFO HMny.Jlbca.

JlHTepaTypa:

1. Glumac N., Elliott G., and Boguszko M. Temporal and Spatial Evolution of the Thermal
Structure of a Laser Spark in Air. 43rd AIAA Aerospace Meeting and Exhibit, AIAA Paper
2005-204.

24. KINETIC MODELING OF MW FIELD INTERACTION WITH DECAYING LASER
SPARK IN AIR

Yu. Kolesnichenko, D.Kbmara
Institute of High Temperatures RAS, Moscow,

Numerical investigation of laser plasma decay is carried out and regimes of MW filed
interaction with decaying laser plasma are analyzed. The aim of kinetic modeling is in evaluation
of conditions for MW discharge origination during MW interaction with decaying laser spark.
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The conditions are in determination of the time range when residual electron concentration and
medium density make the plasma domain transparent one for an external MW irradiation. The
problem is divided into two successive tasks: the modeling of laser spark decay and modeling of
MW interaction with decaying laser spark.

The idea is, starting from the plasma condition, which is experimentally detected as local
thermal equilibrium and taking as a guiding parameter experimentally measured gas temperature
evolution [1], calculate evolution of electron concentration/conductivity in decaying domain. It is
shown that recombining character of decaying plasma results in deviation of charged particles
concentration from their thermodynamic values to over-equilibrium ones. The difference
becomes more and more significant while gas temperature goes down. At low gas temperatures
(about 3000K and less) the recombination leads to rapid de-ionization of plasma domain. At the
same time the incident electric field is able to penetrate inside this domain.

Three regimes of MW beam interaction with decaying laser plasma can be distinguished
for atmospheric air pressure. The first is MW discharge initiation on highly conductive laser
plasma and is limited by the first 80[s. The second regime is initiation of MW discharge via
breakdown in rarefied and moderate-conductive spark domain when electric field begins to
penetrate in it. And the last is spark plasma heating (or energy deposition) in sub-breakdown
undisturbed field, resulting in shock waves generation. This regime ranges in time up to several
hundreds of microseconds. The results of investigation of regimes dependence on gas pressure,
MW field intensity and MW pulse duration are presented.

References:
1. Glumac N., Elliott G., and Boguszko M. Temporal and Spatial Evolution of the Thermal

Structure of a Laser Spark in Air. 43rd AIAA Aerospace Meeting and Exhibit, AIAA Paper
2005-204.

25. ACHMHTOTH'qECKHE MO)XEJIH YHPABJIEHHI1 TE1qEHHEM B
IIOFPAHH'qHOM CJIOE

H.H. JIHrIaTOB
LjenmpaJtbHblu A9poeu~poounamuwecKUfi HHcmumym (L(AIFH), MocK. o6,7.

IHccneJeOBaHbI JIOKaJIbHbIe Te'eHHA5 B .iaMHHapHI-IX norpaHHIHbIX cJoaIx B nIpHCYTCTBHH

HarpeBaTenbHLIX gieMeHTOB, pacnojioxeHnbIx Ha nIOBepXHOCTH. Ha OCHOBe aCHMnTOTHqeCKoro

aHaJIH3a c4OpMyJInHpoBaHbI MaTemaTHqeCKHe 3ajaa'q H Haii-aeHbl i apaMeTpi noao&6HsI.

OnpegieneHbl napaMeTpbl, o6ecne'-IIBabKIame ynpaBnenre TeqeHHeM (OTpbIB, yCTOAiHBOCTb).

1IpeACTaBJIeHbI pe3yJIbTaTbI tiHcJieHHOrO H aHaJIHTHqeCKoro aHajiH3a.

Cpean pa3fIHqHbIX MeTOqOB yHpaBIeHHA TeMeHHeM B rIOrpaHH-IHblX CJIOqX OAHHM H3

HaH6oj0ee H3yqaeMblX B HaCTOsi-IIee BpeMq SIBji5eTC5I MeTOq, CBAI3aHHbIH C BbIaeJieHHeM 3HeprHH

BcnleaCTBHe 39leKTpHqeCKOFO pa3pAua HJnH HarpeBaHHAs noBepXHOCTH.

LqeJb HaCTOsiIuei pa6oTbI 3aKjioqaeTcA B aHaJIH3e BO3MO)KHOFO BJIH5IHH5I .-IOKaYlbHOFO

HarpeBaHHs nIOBepXHOCTH JIIiA onpeaejieHHI• BJIHHHHSI Ha TeqeHHe B nIOrpaHHHHOM Ciioe H B

Haxo)KLeHHH OHTHMaJIbHbIX rIapaMeTpOB HarpeBaTejmHblX 3JIeMeHTOB.
1-pe~rnonaraeTcA, WTO Ha HOBepXHOCTH o6TeKaeMoro Tenia pacnojioKeHbl yqaCTKH, C

TeMnepaTypoH, OTJIHHHOii OT TeMnepazypbi ra3a B HeBO3MyIueHHOM IIOFpaHHqHOM ciloe.
Hlpe~rnoniaraeTcI TaK)Ke, 'ITO H3MeHeHHle TeMIepaTypbi MeHMeTC5I CO BpeMeHeM. I-paKTH'IeCKH

peaJIH3OBaTb TaKOH MeTOa ynpaBaieHHAs AOCTaTO'IHO .IeFKO, HC HOjib3yAI IOJIOCKH

3J1eKTPOIIPOBO)QZIIIerO MaTepHaJIa. HlpHMep npHMeHeHHIA TaKOrO MeToga yHIpaBJIeHHA OrmcaH,

HanpHMep, B pa6oTe. [1]
HaH6ojiee Ba)KHbIM 4aKTopoM, CBAI3aHHbIM C 3HeprOBbIgej1eHHeM lpIH HarpeBe

IIOBepXHOCTH AIBIIqeTCAI H3MeHeHHe nIIOTHOCTH B o61aCTHr, Ha KOTOpY1o BJJHeIeT HarpeBaHHe.
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CTpyKTypa Te'eHHSA B 3TOii o611aCTH onipezlenimeTCsI rpoileccamH K0HBeKLIHH HI

TeHRnJopoBOIHOCTH. 143meHeHHe IlTIOTHOCTIH (ymeHbmieHue flpH HarpeBe) 6y~neT IIPHBO;IHTb K

H3meHeHHIO TOYIIIIHHbI niorp~aHHT'lHoro CJIOAl. CHTyaLIHA B 3TOM cny-iae cxo)Ka c o6tercaHHem1

JIOKaJlbHbIX HepoBHOCTefi, pacflojioKCHHbIX Ha R~He llopaHH'.iHoro CJIOS, B cjiytae Harpe~a
34MýeKTHBHasI HepOBHOCTb 4ýopmHpyeTCA[ H3-3a H3meHHeH5I HJIOTHOCTH. OTJIHtIHe COCTOH4T B TOM,
'ITO 4opma HepOBHOCTH, 4OPMHpy1~u~erHC5 flpH Harpeae 3apa~ee HeH3BeCTHa. PaHee
npOBeJgeHHbi9 aHajiH3 JIOKaJIbHbIX Te'IeHHrl OKOJIO HepOBHOCTeri IIO3BOJ1HJI c4ýOpMyJIHpOBaTb

maeaHqC~ 3aTiaMH H HaRTH napaMerpbi, BJIHqi5H0LeH Ha Te'IeHHe B HriopaHHMHOM cnjoe. [2]
H-pe~jnoniaraeTCA, '-ITO MqHCJIO PefiHonibazca BeYIHKO, HO He ripeBOCXO)IHT KpHTWrieCKo~i

BejiH'IHHbI, n~pH KOTOpOrN mo)KeT npOHCXOaLHTb JIaMHHapHO-Typ6yYIeHTHbHr4 niepexoA.

B pa6oTe npaaHHOab pa3TIHtIHbie napameTpbl o611acTerl JIOKaJlbHOrO HarpeBa.
HIoKa3aHo, 'ITO MaTemaTHTqeCKasI 3a.1aaIa cywe~CTBeHHO 3aBHCHT OT HpOAOflbHbrx H nionepe'IHbix

maclUTa6oB o611aCTH HarpeBa, a TaioKe OT xapaK~ep~oro macilnTa6a BpeMeHH (,avsA

HeCTaLIHOHapHbIX pe>KHMOB HarpeBa). B pe3yJmbTaTe allaJm13a niOKa3aHa BO3MO)KHOCTb

YCTpaHeHHA OTpbIBa HorpaHHH-Horo CYIOSI 3a c~ieT JIOKaJlbHOrO HarpeBa. TaKxce HiOKa3aHbI

BO3MOKHOCTH yripaBJIeHHAi pa3BHTHeM BOJIH HeyCTOrVPIHBOCTH B floIpaHHhiHbIX CjIO5IX.
ARAi HeKOTOpbIX 3axgat inojiyq*eHbI pe3yYlbTaTbi 1fi~cJieHHoro peiueHH5I. 3TH pC3yJIbTaTbi

COOTBeTCTBYIOT HeJIHHerHHbIM pe)KHMaM, npH KOTO~bIX H3meHeHIS1 Tereayb IBji~lioTCA

KOHetqHbIMH. QiJ~IA OTHOCHTeJIbHO majibIX H3meHeHHri Tereayb rnoJIy'eHbi aHajiHTHT-lecKHe

peineHHsI.

H~pe~acTaBnieHHbie pe3yJ~bTaTbi ripeC.TaBJISIIOT HHTepec npll aHaJIH3e H ApyrHx meTOAOB

yripaBJIeHHSI Te'ieHHem. HanipHmep, 3HeprOBbi.qeneHHe 3a cLqeT 3JICKTpHtieCKoro pa~psixa TaK)Ke

mo)KeT 6bITb oI1HcaHO C HCnOJlh3OBaHHem mogeJnerl, c4ýopMyJ1HpoBaHHbIX ARA 1 HOBepXHOCTHOFO

HarpeBa.
B pa6oTe o6cyicgaboTCsI iiepeCHKTHBbl AIaJlbHeii~lHx HCcjie~jOBaHHr4, CB5I3aHHbIe C

HPOBeJgeHHem 3KCnepHmeHTOB H riIpKTWIeCKHmH riHjHIO)KeHHSMH Harpeaa ARA5 Bo3;xeriCTBH51 Ha

OTpbIB (cTauHoHapHblri HJIH HecTaijHoHapHblH4) H Ha pa3JIHiHbie BH2ThI HeycTor1'IHBOcTH.
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25. ASYMPTOTICAL MODELS OF BOUNDARY LAYER FLOW CONTROL

1.1. Lipatov
Central Aerohydrodinamic Institute (TsAGI), Moscow reg.

Investigated are local flows in the laminar boundary layers in the vicinity of heating
elements. On the basis of asymptotical analysis mathematical models are formulated and

similarity parameters are found. Determined are flow parameters providing flow control

(separation, transition). Presented are results of numerical and analytical analysis.

Among different methods of boundary layer flow control one of the mostly investigated

now is a method associated with energy release due electrical discharge, surface heating or

cooling.

The aim of this paper is the analysis of possible application of the local surface heating to

determine response of the boundary layer flow and to find optimal heating elements parameters.

It is supposed that on the surface of the body are located heated parts, having temperatures
different from the gas temperature in ambient boundary layer flow. It is supposed that
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temperature difference may change with time. Practically this method is easy to fulfill using
1

electrically conducting strips. Example of such method application is described for example in
The most important factor due to energy release (surface heating) is density change in the

region influenced by the heating. This region structure is controlled by the convection and
thermal conductivity processes. At the same time density change (diminishing due to
temperature rise) will change boundary layer thickness. Situation is similar to the local flow
nearby local surface distortion, but in our case effective surface distortion is created due to
temperature (density) change. The difference is that the distortion shape is not known beforehand
but is formed due to energy release in the boundary layer and due to the region with smaller
density formation. Previous analysis of the disturbed flow nearby local surface distortions
allowed to develop corresponding mathematical problems and to find distortions parameters

influencing boundary layer flow 2 .
It is supposed that the Reynolds is large but lesser than the critical value at which laminar-

turbulent transition can take place.
Different parameters of heated strips were analyzed. It is shown that mathematical problem

describing disturbed flow strongly depends on the heated parts longitudinal and transversal
scales along with characteristic time parameter (if heating depends on time). As a result of
analysis possibility of boundary layer suppression due to surface heating control are
demonstrated. Also shown opportunities to control instability parameters like Tollmien-
Sclichting waves amplitudes etc.

For some formulated mathematical problems numerical results are obtained. These results
correspond to the nonlinear regimes when temperature difference is finite. For relatively small
temperature difference linear problems are formulated. Presented are analytical solutions for
linear problems.

Results obtained will be useful as well to another methods of control analysis. For
example, energy release in the boundary layer due to electrical discharge partially may be
described on the basis of models appropriate for surface heating.

Discussed are prospects of future work primarily associated with experimental verification
of theoretical results and practical applications to influence boundary layer separation (steady or
unsteady) and different forms of instability.
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26. CBOIICTBA MHKPOBOJIHOBOFO CTPHMEPHOFO PA3PqIAA B BO3,YXE
HIPH PA3J.IHqHOfI EFO BJIA)KHOCT14 H B HIPHCYTCTBHH BOJIHOFO

A3P030J151

H.H. EcaICOB, .. H. FpaneB, K.B. XoaraTaeB
01-Y7H <'MocKoecKui pa~uomexuu~tecKuuý uHcmumym PAH,

BJI.BblqKOB

MOCKOeCKUit oocycqapcmeenubiu ynuuepcumem

B nacTo3umee BpeM5I MHKpOBOJIHOBbIri CTpHMepHbfI pa3pqAU B ra3ax )OCTaTO'IHO xopomo
HccJIe)AOBaH. PAA CBOHCTB, xapaKTepsbIx qISA 3THX pa3pAIOB, TaKHX KaK BbICOKaA

3c1býeKTHBHOCTb orJIomenHMIA DM 3HeprHH, BbICOKaA TeunepaTypa B nJiJa3MeHHbIX KaHailax,
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c~epx3Byxo~asi CKOPOCTb pacnpoc'rpaHeHHl 4ýpOH~ra pa~psu~a H T.II., AtejiaeT 3TH4 pa3pSV~h

HpHBjieKaTejibHbIMH AIVI ripHmeHeHHSI B Liejiom psuge o6.naCTer4 HayxH H TeXHoJ~oFHH, B TOM

'IHCJe B HJna3meHHog a3pQflHHaMHKe H AJIA C03,qaHHA CHCTeM 3a)KHI'aHHSI H cTa6HJTH3aUxHH

I-opeHHA ropiotwx cmeceR. B CBS[3H C 3THM oco6eHHo aKTyaJ~bHbIMH cTaHoB5ITCS HccIleaToBaHHSI

KonIHq-eCTBeHHbIX xaa~PCH MHKPOBOJ1HOBbDC pa3pSUAOB IPH pa3J]HMHb1X iapame-rpax

3JICKTpoMarHHTHoro H3JIrtIHHSI H ra3a, Ba)KHbIX ARAD HX flpaKTHTieCKHX npHJIO)KeHHfl.

143 onbrra 3KCFHepHmeHTajibHbIX HccJ~eAfOBaHHri H3BeCTHO, WnO xaa~PCHI

MHKpOBOJIHOBOrO pa~psuxa 3aBHCS[T OT CBOrICTB o~pyw~atoiero ra3a. HaripHmep, npo6or1Hoe
rioie MOKCT cyifleCTBeHHO OTJIHHaTbC3I HpH pa3YIff'{orl ero Bjia)KHOCTH H3-3a HOR1BJIHH5I

LAOHOIIHHTeJlbHbIX nipoLeccOB Hc1Ie3HOBeHH5I 3JieKTpOHOB BCJIeACTBHe ripouleCCOB npHJIH~lHHS H

peKoM6HHaIIHH Ha MOYIeKyJ1X H HOHaX BOAbI. 3KcnepHmeHTanlbHbie, gTaHHbie H3mepeHHii 3THX

BCJIHtHH ARAI5 MHKPOBOJIHOBOFO pa3pAI1a B HaCTOS1WCe BpemA OTCYTCTBYIOT. B To)Ke BpeM5I B

peaJ~bHbIX yCJIOBHS1X BO3A2yX I4meeT pa3JIHt1HYIO BJIa)KHOCTb B 3aBHCHMOCTH OT BbICOTbi Hag
3emjieg, nOrOAHbIX YCJIOBHrH H mo)KeT colIep)KaTb a3pO3OJ~b. [IO3)TOMY Heo6xOAgHMO 3HaTb,
KaKOBa 3aBHCHMOCTb npo6oriHoro HOJIR OT BJ~a)KHOCTH, TaK KaK 3TO HeHocpeATCTBeHHO
oflpe,LICJI5[T, B qaCTHOCTH, MOIIjHOCTb re~epaTopa MHKpOBOJIHOBOr'O H3JIy-qeHHsA, HcnOJIb3yemo[o

ARAI~ C03AaHHA1 pa3pAUta.
HaCTO5[lUHIR JAOKYag IOCBS1IeH peybaa 3KCHCpHMeHTaJnbHb1X HcceI~eloBaHHii

MHKPOBOY1HOBbIX CTPHmepHbIX Pa3PSUAOB npH pa3JIHqHori BJ]a)KHOCTH H B IIpHCYTCTBHH BOA~HOrO
a3po3oJIAl, xK~I B HeriOABH)KHOM B03AyXC, TaK H B ero CKOPOCTHOM nIoToKe. 3KCniepHmeHTbl

H1pOBCJ~eHbI ARA5 pa3p31AoB, CO32JaBaembIx 3M H3jy1qeHHem c pa3JIHMHori AJUIHHOii BOJIHbI B

IllHPOKOM AlHaria3oHe a~aBjieHHri B03ATyxa H YPOBHS1 nORIS, KaK B HMnyjibcHOM, TaK H B

K~3~rpebBO pe)KHme ropeHHsi pa3psAla.

26. FEATURES OF MICROWAVE STREAMER DISCHARGE IN AIR AT ITS
DIFFERENT HUMIDITY AND AT PRESENCE OF WATER AEROSOL

I.I..Esakov, L.P.Grachev, K.V.Khodataev
FSUE ((Moscow radiotechnical institute RAS))

V.L.Bychkov
M V. Lomonosov Moscow state university

Nowadays microwave (MW) streamer discharge in gases is studied enough well. Such
typical properties of these discharges as high efficiency of electromagnetic (EM) energy
absorption, high temperature in plasma channels, supersonic velocity of discharge front
propagation, etc., make them attractive for applications in a number of scientific and technology
areas including plasma aerodynamics, creation of flammable mixture ignition and combustion
stabilization systems. So, investigations of quantitative MW discharge characteristics at different
parameters of EM radiation and a gas are of great interest.

Our experimental experience has shown that MW discharge characteristics depend on
properties of ambient gas. For example, the breakdown field can be substantially different at
various air humidity because of increase of recombination and attachment processes caused by
presence of water ions and molecules. Experimental data of these characteristics for MW
discharges are absent now. At the same time air in real conditions is characterized by different
humidity with respect to the altitude, weather and can contain a water aerosol.

Also it is very important to know breakdown field as a function of humidity since this
characteristic directly determines MW radiation generator power which is necessary for this
discharge creation.

The present report is devoted to results of MW streamer discharge experimental
investigations in air at its different humidity and at presence of water aerosol both in motionless
air and in high-speed flow. Experiments were carried out with discharges created by EM
radiation at different wavelengths in wide range of air pressure and levels of MW field both in
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pulsed and quasi-continuous discharge regimes.

27. PACHPOCTPAHEHHE YJ1APHhIX BOJIH B CPEALE C P3JIEEBCKHM
MEXAHH3MOM 3HEPFrOBbIA)IEJIEHH5I

H.A. FepadilmoB B.C. CYXOMJIHHOB, C.B.CYXOMJItIHOB
Hayqno-uccjie~ooameflbCKUii unicmumym q5U3UKU CHBF3/, CaHiKm-Tlemep6ypa, Cm.flemepwtp

B.B. Ky~qtHCKCHf
Hayq~Ho-uccfle0oeame,7bcKoe npe~npuwimue Zuflep36YKO~blX cucmeml, CaHKT-FleTep6ypr,

B pa6oTe B o6Wem cniy~ae B OAHomepHOM nipH6jlH>KeHHH paccmo~peHo BJI14HMHH

H3BeCTHoro PeileeBcKoro mexaHIH3ma :HepFOBbiaejgeHHAl B ynipyrofi cpege [1,2], Hw'paioiuero
BaX(HYIO pOJRb, B qaCTHOCTH, B uiJI3me ra3oBoro pa3p5Uga, Ha CTPYKTypy 6eryuweii yqapHoR
BOJIHEbI (YB). H~ojrlyteHo ypaBHeHn-e pacrIPOC~pa~eHHAs (YB) ARAj 3TOFO c.jiytaq. HairjgeHo
allaJIHTH!IeCKoe peineH~e ypaBHeHHSI ARAJ MaJ~bIX 3HatIeHHH riapameTpa, xapaK~epH~yiomiero
CBoficTBa cpexgbi. HlpoaHaiui3HpOBaH xapaK~ep pemueHHs ripH pa3Hbix 3HaKaX 3T0F0 niapame~pa H

ero 3HarqeHHSIX HIO MOLAYJIIO IIOPAA~a eAIHHff1bI. O6HapyxKeHo, qTO IIpH HOJTO)KHTeJlbHb1X
3HaqeHHSIX 3T0F0 napame~pa YB B BHLge «(CTynIHbKH») B TaKOik cpege oc~na6nz~eTcA H

BbIPOKLuaeTC3[ B BO3myiLueHHe B BH~je OTAHHO'IHOFO rop6a. HlpH OTPHUaTeJlbHbIX 3HaqeHHSIX
HanpOTHB, YB YCHnw1BaeTcsI. YCTaHOBjieHO, tITO AisA HaJIHqHSI cTaiHOHapHor'O B cHc~eme
KOOPLXHHaT cBsl3aHHOii C BOJIHOH pemernisi pacnipoc~pa~eHHsi YB B cperge c P3JIeeBcKHM

mexaHH3MOM 9HeprOBbigLe~aeHKA Heo6XOJAHMO HaJ IHnIe rpaHHIxII cpezIbi BHH3 nO nOTOKY OT

yLjapHOI'O cnos. Ee Ho.JIO)KeHHe COOTBeTCTByeT TaK Ha3bIBaemomy «<KpHTH'ICCKOMY»)
3HepFrIonoBOAiY [2 1], H B 3)TOii To'IKe MecTHoe qiHcjio Maxa paBHO egHHHL1e. YCTaHOBJIeHO, '.ITO

HPH fIOJIO)KHTeJlbHOM 3HatIeHHH liapame~pa cpe~bi c P3jieeBcKHM 3HpOb~e~He
cytnecT~yeT ripejge~iboe ero 3HatqeHHe, riIH npeBbeIIIHHH KOTOPOFO ypaBHeHI~e

pacnpoc~pa~eHnsi He HmeeT CTa1XHOHapHOrO peinennsi HH IIPH KaKOM rioYIo)KeHHH4 rpaHHnimi
cpe~bI BBePX HO 'HOTOKY OT y~napHoro cROAl. Hojiy'eHHbie pe3yJIbTaTbi 1103BOJIAIOT rieper TH K
alHajI3y oco6eHHOCTeri paciipoc~pa~erni3i YB B cJ~a6OHOHH3OBaHHOAi HJia3me ra'3oBoro pa3pSU~a.

PaccmaTpHBaLOTc3I 'IHCJIeHHble H n1pH6Jrn)KeHHbie MeTO2ThI pemLernIsi ypaBHeHH5I

pacnpocTpaHel-HHA YB B UIJHpOKOM j~naria3o~e riapame~poB 3HeprOBKjiaLxa, H4 HPHBOTJHTC5I oueHxa
o6niacTefi IIHeHMeHHH5 H TOtIHOCTH flojiy-IeHHbix aHlaiiHTH-ieCKHiX 4OpMyJl.

CyTb PejleeBcKoro mexaHH3ma 3aKJIIO'IaeTcsl B TOM, 'ITO ecRHin IIBOHw'iaJbHO OXAHOPOTAHa5I
ynipyrasi cpejga o611agaeT TCM cBoHkcTBOM, WIO HPH BO3HHKHOBeHHH B 3TOii cpegze 06R-acTH C

1IOBbI~ueHHoR IIJIOTHOCTJO` B Herl 6yzqeT IIPOHCXOLAHTb, LAOIOJIHHTeJIbHoe BbigeJ~eHHe TenJma, TO B
TaKoR cpegLe ynpyrne BOJIHbI maJIOIl aMHlJIHTy~bim 6yjty' ycHJIHBaTE-CA [1,3]. ECJIH We Hao6opoT,
HIPOHCXOAHT norjioieHne Termja, TO BOYIHbi 6yLAyT oci~a6.JIAmcA. B pa6oTax [2, 3, 4] noKa3aHo,

W-IO OCHOBHbIM mexaHH3MOM B3aHmo~jeiiCTBH5J aKyCTH'IeCKHX BOJIH C HH3KOTemnepaTypHOii
Hula3moil ra3oBoro pa~psi~a H 5IBJI51eTCSI PeneeBCKnfI MexaHH3M. BITOJHe 5IcHO, WIO He3aBHcHiMO
OT flpHPOL~bI BO3HHKHoBeHH5I H BeJIH'IHHbI ynipyroro BO3MyUiijHH5I HajmH'IHe P,3jleeBCKoOr
mexaHH3ma 6yz~eT OKa3bIBaTb BJIHSIHHe Ha 2IHHamHKY 3T0F0 B03MyuweHHA, B TOM qnc~ie H Ha YB.

B3aHMO~qeikCTBne ygapHbIX BOJIH c ra3opa3p5UJHOll uj~a3MOg H3y'aRlOCb
3KCriepHmeHTaJ~hHO H TCopeTWIeCKH MHOFHMH aBTopamH [7-10]. AKTyaJ~bHOcTb niogLo6HbIx
pa6oT o6ycRoB~neHa HiorbITKaMH pa3pa6OTKH HeTpaAHIIHHOHHbIX meToTAOB OHITHMH3aLAHN
a3poArJHHaMmieCKHXxapa~ep.TTK eTaTeilbHbix annrapaToB - CHH)xHHSIA RJo6OBOrO
cOrIpOTHBJ~eHHAl, yBeJIHTICHH31 Hio2eMHOR CH4JIbI 1H T.Af. B pey~~~ 6onibmoro Hncna
HCCJIeiUOBaHI~rl BbI5IBYIeHbI pa3JIH'IHbie aHOMWJIHH 11PH CBePX3BYKOBOM no~ie~e Teji pa3JIH'IHOH
ý OpMbI B cJia6oHoHH3oBaHHorH Hiia3Me aTomapHbIX H mojiKJICK151HbIX ra3OB [11, 12]. B JApyrHx

pa6oTax ripH Hcc~iCJOBaHHH pacnipoc~paneHrni 6eryuiix YB B ra3OBOM pa3p5IJe, allajiOr-H'HO,
Ha6ioglaJImcb 3HaxiHTeJIbHbIC H3meHeHH51 CTPYIKTypbI YB [13, 14]. B HacTOLUuee BpeM5I B
RHn~epa~ype HHTCHCHBHO o6cy)K)aeTCs1 Bo~poc 0 TOM, KaK HaniHH-He 3JIeKTPHTIcCKoroFOnJuI3 H
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cia6oti HoHH3aUHH ra3a BJIH5IeT Ha CTpyKTYpy YB. B OaHHX pa6oTax yTBep)KaIaeTcA, '-TO

BJIHHHe nJIa3MbI orpaHHtqHBaeTC JIHnUb H3MeHeHHHIMH YB npH npoXo)KaJeHHH TeHJIOBOH SIMbI

[15, 16], B IpyrFx - HTO CyWeCTBYIOT TaK Ha3bIBaembie <(<cneUHi4nHecKHe mexaHH3MbD1 BJIHIHHA

njia3bI Ha CTpYKTYPY YB [17, 18].). iRA npIIpHKia.HbIX 3aaax,, HanpHmep, B a3poZHtHHamHKe,

BeCbMa HHTepeCHa cna6onoHH3osBaHHaA nna3Ma (cTeneHb H0HH3a~jHH ueHee 10-5 ), a TaK)Ke

cJIa6bie YB. CneiyeT OTMeTHTb, ITO nia3ma CaMOCTOATeJIbHOrO ra30Boro pa3pAqua - He

eJIHHCTBeHHbIA ripMep cpeai c P3jieeBcKHM MexaHH3MOM 3HeproBbwIIeenHHs. ApyrIHM TaKHM

pnMpepoM MO)KeT CJyI)KHTb ra3oBaq cpeaa, B KOTOpOrH npOHCXOaIT xHMHitieCKHe peaKUHH C

BbIJeJeHIeHM (nornoweHHeM) Tenna.
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28. NUMERICAL SIMULATION OF DC GLOW DISCHARGES FOR HIGH-SPEED
FLOW CONTROL

Jonathan Poggie
Senior Aerospace Engineer, US Air Force Research Laboratory

A numerical study of glow discharges was carried out in order to evaluate their potential
for flow control applications. As part of this project, a three-dimensional computer code has
been written to solve, in an implicit, loosely-coupled fashion, the fluid conservation laws, the
charged particle continuity equations under the drift-diffusion model, and the Poisson equation
for the electric potential. Fully three-dimensional calculations have been carried out for DC
discharges in nitrogen, and changes in the flow in the presence a discharge have been
demonstrated. In computations of a three-dimensional electrode configuration mounted on a flat
plate in a Mach 5 crossflow, the discharge was found to thicken the boundary layer. The
resulting compression waves led to increased pressure forces at the plate surface. These changes
in flow structure occurred through dissipative heating; the body force term in the fluid
momentum equation was negligible. The computations are in qualitative agreement with total
temperature measurements made in a similar configuration for air flow (Menart et al., AIAA
Paper 2003-2262). A preliminary investigation of the effect of an applied magnetic field has also
been carried out. A computation of a simple discharge between parallel plates showed that an
applied axial magnetic field tends to suppress the radial component of the current density.

29. 1 HCJIEHHOE MOVIEJIHPOBAHHE ACHMMETPHMHOFO
LAH3AIEKTPHqECKOFO ISAPhEPHOFO PA3P5I)IA

A.B. JIHxaHCKHfi, M.H. Iefieieep, C.O. Ma'qepeT, P.X. Mafiac
Princeton University, Princeton, New Jersey 08544
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B nociieg~ee BpeMSI iuiHp0Ko HccJiC.2yeTCS B03MONCHOCTL BJIHS1HHSI HepaBHOMeCHOR ii iJI3mbi

Ha ra3OBbie rnOTOKH. B3aHmoaeiiCTBHe HIp0HCXOaIHT nyrem Harpe~a ra~a Him1 iiepe~aarn

Hmriy.jica OT 3apS1)KeHHbIX xiaCTHLX HerHTpajibHbIM. ARAIS ripeqoTBpaiueHHsl OTPEIBa HorpaHCJIOsI

6bIrno ipe1ajioKeHo HCrIOJIb3OBaTb acHmmeTpHtlHbIR AH3jieKTpHtqeCKHfi 6apbepHblig pa3pS1a

(AAE~P). ALRBP COCTOHT H13 .gByX 3JIeKTpo;10oB, pa3gIejieHHbIX gZH3jieKTPHKOM (pc. 1 ). HH)KHHrl

3JleKTpO~l 3a3emjleH, a K BepXHemy riHHjio>KeHO BbICOKOBOJIbTHoe HanipADKeHHe. PSULOM C OCTPHem

Beepxero 3JiiKTpo2za rpH riojgaqe HarIPADKeHH5I o6pa3yeTCAl JIia3ma. B 3KcriepHmeHTax KopKe,
HOCT, MaKniaýHHa, 311310 B YHI4BeCPCTeTe HoTp Aiama ii AKaaemHH4 BBC, a TaK)Ke JleOHOBbIM B

HcLTAHe 6bJIO H1oKa3aHo, 'ITO HIPH nona12 e CHHyCoHIaajibHorO HariPADKeHH5I (2-20 KHJIOBOJ~bT, 1
100 Krnlorepa) ra3 ToJIKaeTCA CJIeBa HaripaBo CO CKOPOCTbMO HeCKOJILKO meTpOB B ceKyHa1y.

B ;jaHHOrH pa6oTe HpCLCTaBJIeHbI pe3yJlbTaTbi 'IHcjieHHoro 'moaeJIHpoBaHHA A;IFBP B
B03,alye, H Ha HX OCHOBe o6TisACHeHbl 43H3HIeCKHe nH~H1HII~rbi pa6oTbi A)JE~P. Mote~nb
pacap~e XAHHamHKy 3JieKTp)OHOB, HIOJIO)KHTeJlbHbIX H oTP)HuaTeYibHbIX HOHOB B

HeiiTpaJlbHom 1-a3e. HaJIrn're B mogIeJiH OTPHL~aTeYlbHb1X HOHOB Ba)KHO .flJIA HOHHmaHHSI qIH3HKH4

AA1F1P. ABH)KeHHe 3apqDKeHHbIX 'IaCTHII orHHcaHO B a~H44y314OHHO-,apeft3OBOM HpH46JIH)KCHHH.

143-3a Toro, WIO CKOPOCTb ra~a mania no cpaBHeHHIO c ;i~pei!)OBoR CKOPOCTbK) 3apADKeHHEIX

'-IaCTHil, ra3 CtIHTaeTCS CTaIuHOHapHbIM. B moTqCJIb BKJHio'eHbI npoiueCCbi HOH~auHH,

peKom6HHaUlHH, HIPHJIHHiHHS1 H OTJIHiiaHHSI.

C HIOMOHbHO ,1aHHoro KoJga 6bJ ipoogn po~a AJJBP c noJzHHbIM CHHYCOH~janbHbiM

HaHPADKeHHem pa3JIH'IHbIX aMrHJIHTYA HanPADKeHHA H qaCTOT. Hloia3aHbI mexaHH3MbI TojIKaHHS1

ra~a B Ka)KXIoM 113 rHofliyiepHOJ9B (HOnIo>xbTenbi-asI KOPOHa B aHlO2HOrH (Da3e H bTpHilaTeJlbHaSI
KOPOHa (oTpirnlaTeJmbHbie HOHbl) B KaTOaHOii). Ha OCHOBe moaejiHPOBaHHS1 6buijo Hipegjio)KeHO

HCHIOJlb3OBaTb IIPHHIWHrHajlbHO HHORi mexaHH3M TOJ1KaHHSI ra3a, a HmeHHO HioI~aTa

rHOBTOPAIOMIHXCS1 HaHoceKYHAIHbIX OTPHI~aT0JbHb1X HMrHyJlbCOB HarHPADKeHHeM Ha

BbICOKOBOJIbTHbIH4 3JiiKTPOA H nwe)a~ HOCTO5IHHoro HlOJIO)KHTeJlbHor'O HanpSDKeHHSI Ha

3i1CKTpoXle me)KZgy HMrIyJIbcamH. BO BpeM5I HMnYJIbca IIPOHCXO;IHT HIpO6OH, 3J1CKTPOHbI 3a

HaHoceKyHgbTh 3aHOC51TCA Ha gTH3jieKTpHK, 3aun~pasi pa3pqUl, a OKOJIO OCTPH5I BbICOKOBOJIbTHoI'o

3JieKTp~o.2a o6pa3yeTC31 o6.naKo HoJIOXKHTeYlbHbIX HOHOB. B aHlOaJHOri 4ýme HOJIOKHTeJIbHbie HOWb

gIpe4iýYIOT K oTpHuaTeJ~bhHO 3apADKeHHOMY.I~H3jieKTpHKY, TOJH(~SI Ia3 H HerlTpajiH3ySI 3JIwKTHbi

Ha zlH3jieK-rpHKe.

B moqeniH Haii.TIeHbl CHJlbI, aferICTBYO~uAHe CO CTOPOHb1 filJal3MbI Ha1 ra3, H pacc4HTaH

TeIIJ10BOrl HarpeB. 143-3a maJIOCTH ra3OBbIX BpemeH no0 cpaBHeHHIO c nJIa3meHHbIMH,

ycpCJJlHeHHaA CHYIa, TO.TIKa11oiIgW ra3, moKeT 6bITb nOACTaBjieHa B ypaBHeHHe 4IJIAI norpaHCIOsl.

TaKoiR pac'IeT 6brni HPOBefleH H ero pe3yJ~bTaTbl TaKxce 6yxAyT npeaLCTaBJ~eHbl Ha KoH4~epeHuHiH.

ýýiiomom aa~a
6bICOKO6OflbMHbla
3JleKmpoa Fnfl3Ma

d--,u3neKmpUK
a.c. -

3a3emfleHHbIU
3JleKmpoa

PiiC.1. AcHmmeTpIxIHbI1I JAI13JIeKTPH'IeCKIHi 6apbepIIb-Irt pa3pSn3~.
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29. NUMERICAL MODELING OF PLASMA ACTUATOR

Alexander V. Likhanskii, Mikhail N. Shneider, Sergey 0. Macheret, and Richard B. Miles
Princeton University, Princeton, New Jersey 08544

Electromagnetic devices can be used for different manipulations on the flow. The
interaction can be caused by collisions of charged particles with neutral gas or by heating the gas
in the region of interaction. There is also a possibility of power extraction in near the surface
using MHD effects. Different configurations can be used for these purposes. In our group the
snow-plow arc concept was recently developed. It allows driving the discharge in the flow using
magnetic field. Russian groups at the Institute of High Temperatures (S. Leonov et al.) have
investigated flow control with high-current quasiequilibrium surface arcs. These researches refer
to the high-speed flow control. However, significant results have been obtained by T. Corke and
his colleagues at Notre Dame, Air Force Academy, and other institutions on the use of single
dielectric barrier discharge for low-speed flow separation control.

The in present work the detailed physical model for asymmetric dielectric barrier discharge
(DBD) in air is developed. Modeling of DBD with applied sinusoidal voltage is carried out. The
leading role of charging the dielectric surface by electrons in the cathode phase is shown to be
critical, acting as a harpoon that pulls positive ions forward and accelerates the gas in the anode
phase. The positive ion motion back towards the exposed electrode is shown to be a major source
of inefficiency in the sinusoidal or near-sinusoidal voltage cases. Based on understanding of the
DBD physics, an optimal voltage waveform is proposed, consisting in high repetition rate short
(a few nanoseconds in duration) negative pulses combined with positive dc bias applied to the
exposed electrode. The velocity of near-surface gas jet produced by the DBD actuator thus
optimized is shown to be considerably (potentially - by 1-2 orders of magnitude) greater than
that for a sinusoidal signal with similar parameters.

The different time scales of plasma and hydrodynamic processes allowed us putting the
time-averaged plasma force on the flow in the Navier-Stokes equation for the boundary layer
problem. The possibility of influence on the boundary layer has been shown.

gas flow

high-voltage electrode plasma

dielectric
a .c. - ý II

grounted electrode

Fig.1 Asymmetric dielectric barrier discharge
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30. FHHEP3BYKOBbIE HlJIA3MEHHbIE CTPYH, FEHEPHPYEMbIE
KBA3HCTAUIHOHAPHbIM MAIFHHTO-HIJIA3MEHHhIM KOMHIPECCOPOM H HX

HlPHMEHEHHSI B HIPHKJIAj1HOfi HJIA3MOjHHAMHKE.

Maulei H.11I., JAamIKOB B.A., AHHCHMOB IO.H.
CaHcm-TIemep6yp,-cKufi Focyc~apcm~eeHblii Ynu6epcumem

KoJaeCHH-ieHKO 10.0.
O6be~uneHubfil HHcmumym BbzCOKuxC memnepamyp, MOCiKea

Kea3HCTagjHoHapHElii marHHTo-nJIa3meHHbIr1 KomripeCCOp (MrIK) 6birn pa3pa6oTaTrH B

CCCP B 1960-1980 rogzax. [1,2] TaKHC KoaKCHaJnbHbie pa3pSUaHbie tHCTembi C03gTaBajiHC, gJ~1A

HH)KeKLIHH npAaHeiH HarpeTori HJIambI B YCTPOHCTBa THHa TOKAMAK. Hpii
pa3JlH'IHb1X pe)KHmax pa6OTbI MHIK re~epI~pyioT C)OKYCHpOMaHHbie I1JIa3meHHbie cTpyI1
pa3JlHt HbIX ra3OB (H2, He, N2, Ar, Bo303;yX) co CpaBHHTeJlbHO BbICoKorl rJIOTHOCTblO B o6n~aCTH

KOmripeCCHH (6oniee qem (1016_1018) CM-3 ) , TemnepaTypoii OKOJ1O 1-3 eV, CKOPOCTbio ra~a B

4)o~yce CT~yH 5-70 KM/C. THnHqmasl .rUHTejibHOCTEL HMIIyJlbCa TOKa B 3TOM TH~IC YCKOpliTeilH

100-200 [its, ero amrnmiHyg1a 50-200 KA, BpemSI )KH3HH CTpyH Hu1i3MbI OKOYIO 80-100 jis.
Pe3ynlbTaTEl HamiHx niepBbIX 3)KCrHpHmeHTOB [3] HoMabI~aoT, WIO CBOCTBa CTpyii,

re~ep~pyembix MrIK (npH pa6oTe MrIK B pexaHMe OCTaTo tIHol-o ra3a) aloriy 'CKaIOT HX

HCIIOJRhBaHHe B llpHKjia2AHoii HJja3MO0gHHaMHKe. B npeJaCTaBJIeHHoii pa6oTe o6cy)KaloTC51
BO3MO)KHOCTH HCr1oJIb3oBaHHST HTia3MeHHb1X CTpyfi, re~ep~pyembix MrIK B 3KCridpHMeHTajIbHbix

Hccjie)zOBaHH51x, CB5I3aHHbIX CO CJIeCXiIYIOIIMH Ba)KHCeAIIHMH HaInpaBjieHHSIMH:

F~unep36yKoea~%1 aqpoc~unavuia. B 3TOii o611aCTH IIJImmMCHbie CTpym M11K MOryT 6bITb

HCHOJlb3OBHb KaK TeCTOBbie )JJI5 3xre~eHa~r MoagCJIHpoBaHHSI npol1eCCOB
BMaHMoXgeriCTBHsI rHrHep3ByKOBbDC ruia3meHHbIX HOTOKOB c pa3JIH1t IHbIMH mae~aiM H TeJIaMH.
CyiueCTByiom~He riapame~pbi CTpyii B MrIK nO3BOJISHOT IIPOBOJUITb HccjieTAoBaHH51 ripolXCCOB
4)OPMHPOMaHHS y.1apHbIX BOJIH ARA5 oMieHb HHTepeCHoro H Ba)KHoro JXHarH3OHa CKOPOCTefi 5-20
KM/C.

CMetuenue c6epx36q1Co6blX Hefimpa7bibibx nomoicoe U Ouflep36YKO6blx nala3eUHblX cmpyu1.
BO3MO)KHOCTH MrIK CO3,aaBaTb KOmripccCHOHHbie CTPYH HJI3MmbI B CPaBHHTeJILHO HJIOTHOri

cpexge H03BOJIS1IOT HCHOJIb3OBaTb HX AAA5 HH)KeKIJHH HIJIa3MbI B CTaHJ~lpTHbie a3p;j~HHaMHtqeCKHe

CBepX3ByKOBbie ITOTOKH. 3To MO)KeT 6bI~m TaK)Ke HHTepeCHO JAJIS1 KOHTpoji51 HOTOKOB B

rHnep3ByKOBb1X JABHraTen51x, a TaK)Ke B MFAiJ npHwioxeHHslX.

JIHTepaTypa:

1. ACTaiuHHCKHri B., EaKaHoBHti F., MHHLKO JI. H~CCJIeJJBaHHe JZHHaMHKH
HJIa3moo6pa3oBaHHSI H nIpolXeCCOB 4)opMHpoBaHHS1 KOMripeCCHOHHOri o611aCTH B marHHTO-

nia'3meHHOM Komnipeccope. )KILC, BbiHi.33,1980, c.629-633.
2. MOP030B A. rlpHHIIHnb KoaKCHaJlbHbIX KBa3HCTaUHOHapHbIX Hhla3MeHHbIX

YCKOPHTeiierl. (DH3HKa Hia3iMbI, BblIn. 16, 1990, c. 131-146.
3. Mashek I.Ch., Lashkov V.A., Anisimov Yu.L., KolesniChenko Yu.F. Quasi -Stationary

Magneto-Plasma Compressor For Investigation of Plasma Jets in Aerodynamic, 44 1hAIAA

Aerospace Meeting and Exhibit, January 2006, Reno, NV, paper AIAA 2006-1458.

30. HYPERSONIC PLASMA JETS GENERATED BY QUASI-STATIONARY
MAGNETO - PLASMA COMPRESSOR AND THEIR APPLICATIONS FOR APPLIED

PLASMA DYNAMICS

Mashek I.Ch., Lashkov V.A., Anisimov Yu.I.
St-Petersburg State University

Kolesnichenko Yu.F.
Institute of High Temperatures RAS, Moscow
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Quasi-stationary Magneto - Plasma Compressor (MPC) had been developed in the USSR
on the period of 1960-1980 years [1,2]. These coaxial discharge systems were created for
injection of preliminary heated plasma in TOCAMAC. Under different operational modes MPC
generates the focusing plasma jets of different gases (H2, He, N2, Ar, Air) with comparatively
high density in compression area (up to (1016_1018) cm-3), temperature about 1-3 eV, gas velocity
in jets focus 5-70 km/sec. The typical duration of current impulse in this type of accelerators is
100-200 ps, its amplitude 50-200 kA, the jet lifetime is about 80-100s.

Results of our first experiments [3] show that properties of MPC generated jets (for
Residual-Gas -Regime of MPC) allow their using in applied plasma dynamics. In presented work
the possibilities of using MPC generated jets for experimental investigations in the next very
important directions are discussing: t

Hypersonic aerodynamics. In this area plasma jets of MPC may be used as testing flow for
experimental modeling of interaction processes of hypersonic plasma flows with different
materials and bodies. Existing parameters of MPC jets permit to realize the investigations of bow
shock formation processes for very interesting and important diapason of plasma velocity - 5-20
km/s, density and temperatures.

Mixing of supersonic neutral flows and hypersonic plasma jets. The possibilities of MPC
to create a compressible plasma flows in comparatively dense media allow to use it for plasma
injection in standard aerodynamic supersonic flows. It may be interesting for flow control
problems in supersonic engines and MHD applications.

References:
1. Astashinsky B., Bakanovich G., Minko L. Investigations of dynamic of plasma arising

and forming processes of compression area in gas magneto-plasma compressor. Journal of
Applied Spectroscopy, Vol. 33, 1980, p.6 2 9 -6 3 3 .

2. Morozov A. The principles of coaxial quasi stationary plasma accelerators. Physics of
Plasma, vol.16, 1990, p. 13 1-14 6 .

3. Mashek I.Ch., Lashkov V.A., Anisimov Yu.I., Kolesnichenko Yu.F. Quasi-Stationary
Magneto-Plasma Compressor For Investigation of Plasma Jets in Aerodynamic, 4 4th AIAA
Aerospace Meeting and Exhibit, January 2006, Reno, NV, paper AIAA 2006-1458.
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CeWHAoBb~e j~oiciiaxbi

Authors Post Papers

1. HCCJIEAOBAHHE CBxq PA3P`5IIýA, HHHUHHPOBAHOFIO JIA3EPHbI1M

II3JIYLEHHEM B B03,j~YXE

B.BPOBKCHH, IO.Ko.JleCHwqeHKo, A.Xmapa
HBTPAH, MOCK6a

H.Maumei, B.AaHIKOB
C. -H7emep6yp.ociufl Focydapcm~eHHbnfi YHU6epcumem, C. -Hemep6yp2

H43yeHa BO3MORKHOCM HHHLaH1ijHH CBM4 pa~psuga .rla3epHoii HCKpoii B IllHP0K0m auiana3o~e
j1IaBJneHHfi Bo3xayxa. B 3KCnepHmeHTax aO~cTHrHyTa yCToiiMqHBaI HHH11HaUHI 6e33ne TpOgHoro
CBM4 pa~psua aTmoc4~epHoF0 AfaBjieHH3I jia3epHoii HcKpori, co3gaBaemorl Nd:YAG JIi3epom
(aJIHlTeJmbHoCm Hmriyjibca I5Hc) Ha BTopoii rapmOHHKe. I43mepeHbi nioporH CBH4 npo6oq n1pu

pa3JIHt HbIX giaBneHH5IX B03,ayxa H YPOBH31X 3HeprHH Jla3epa. HpnH BKJIio TqeHHH nia~epa

Ha6nlo,LlaeTcsI iipo6OH Ha r1OHH)KeHHbIX HHTeHCHBHOCT5IX CBH1 HoJIH. rlposlBsI~eTcsl 344eKT
cTa6HIIH3aIIHH CB11 nipo6oH nTa3epHbIM H3JI'eH~em aonpo6oiiHb1X ypoBHeii. 1HHu~HatuHs CBHI
pa~psuaa nia3epHorH HCKpoii .R0CTHraeTCi Kac liPH OXAHOBpemeHHOM ae9CTBHH iia~ep~oro H CBMI
HMnyn~bcoB, TaK H B ciiy'ae 3aXqCp>KKI4 CBM1 HMIIyJihca OTHOCHTeJ~bHo Jna3epHoro. Benn'I-,IKa
3a)qep)KKH B 6onbmioiri CTeneHH 3aBHCHT OT gLaBjieHH5I Bo3)jyxa, yBeniH'HBas~cb OT 220
MHKpoceKYHAL flpH aTmoc4~epHoM ,IaBjiCHHH A0o 100MHnnjHceKyHwj HiH 70 MM.pT.cT. Ha6jrnoxaeTcq
pa3BHTHe CBM4 pa~psuta BJIORb nia3ep~oro jiyt ia, HO floflCpdK CBM1 niy-a. Bo3HHxajoiuHe rionepeK
CB'-I jiy'a CTPYKTYPLI TaKHe )Ke, KaK Te, W-IO 4)OPMHpyIOTcSI riH paipc~aeH BOJ~b CBM4
.ny'-a [1]. rHpexACTaBjieHbI npaaHe~~i pe3yJlbTaTbI H3yqeHHIS CBM4 pa3psua,
HHHIIHHP0BaHHoro Nd:YAG Jia3epomM Hjiy'iaKioLHM Ha qeTBe*PTOHi rapmOHHKe. 3rii AaHHbie

cpaBHHBa1OTC5I c pa~ee noJIy4eHHbTMH4 Ha BTopoii rapmOHHKe.

, . emoHCTpHpyeTCsI TaKwIC BO3MO)KHOCTb HHHUH~aU4H CBH pa~psuga MHKpoCeKyHnjHoi
ARfHTCJILHOCTH HCKPO0i py6HHoBoro jia~epa B HerHOA1BH)KHOM B03)jyxe aTmoc4~epHoro gaBneHH5I.

OnpejaeeneHbl npe~enib~bie 3aflep)KKH, rIIH KOTOpb1x eige Ha6j1IoJaeTc31 MaHmogerICTBHe CBHL
H3Jy'-eHH5I c pacnaJgaiomIeiic5I a3epHoA flJia3Moii. 14X 3Ha-'ieHHl4 oKa3aj]HCb n~psUU~a 300MKC.
OnpeazenieH YPOBeHb CBHI 3HeprHH, BJlo)KeHHori B OCTaTO'IHy1O iia~ep~yio flIia3my. TeHeBIMM
meTO9tOM 3a4ýHKcHpoBaHbl yjgap~ble BOEIHM, BO3HHKaioume B pa3p5UAHori o611aCTH B pe3yflbTaTe
BMaHmoJzeriCTMA5 CBH1 c HJia3morl JIaep~oii HcKpbI. H~peafCTaBJ~eHbI HCpBbie pe3yflbTaTbi
HHHuHaLIHH CBM4 pa~psuga jia3epHoH4 HCKpOr B CBepX3BYKOBOM HOTOKC.

Bblno0JnHeHbI1 TaK)Ke nHcjieHHbie HccjiCJgOBaHHSI pacnana Jia3epHorl uIia3Mbi H
alHaJ1H3Hpy1OTC5I ripou~eccbI B3aHmoqeftCTBHSI CB'I nonsIA c pacriagiouerC csinawepHoii niiJa3MoP.

JIHTepaTypa:
1. V. G. Brovkin, Yu. F. Kolesnichenko. "Structure and dynamics of stimulated microwave gas
discharge in wave beams". J. Moscow Phys. Soc. 5 (1995) 23 - 38.

1. INVESTIGATION OF LASER-INDUCED MICROWAVE DISCHARGE IN AIR

V.Brovkin, Yu. Kolesnichenko, D.Khmara
IHT RAS, Moscow,

I. Mashek, V. Lashkov
St.-Petersburg State University, St.-Petersburg

The possibility of laser spark initiation of microwave discharge in quiescent air in wide
range of air pressure has been investigated. The stable electrodeless MW discharge initiated by
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laser spark produced on the second harmonics of Nd:YAG laser with 15ns-pulse duration in air
under the atmospheric pressure is realized. The MW breakdown thresholds under the variation of
radiated laser energy and air pressure are measured. Stable breakdown at reduced MW field
intensity is registered under a laser beam action. The effect of MW breakdown onset/stabilization
in the presence of sub-breakdown intensity of laser beam is eliminated. The initiation ability of
laser spark over MW pulse delay depends substantially upon air pressure and changes from 220ps
under the normal conditions to more than lOOms under 70Torr. MW discharge development in the
direction of sub-breakdown laser beam, but across MW beam is observed. This effect is analogues
to laser triggering of DC spark. The arising discharge structures are the same as are developing
along MW beam [1]. Preliminary results of initiation of MW discharge by Nd:YAG laser beam on
the fourth harmonic are presented and compared with those for laser beam on the second
harmonic.

The possibility of Ruby laser spark initiation of l ps pulse duration MW discharge in
quiescent air under the atmospheric pressure was also demonstrated. The critical delays for MW
radiation coupling with decaying laser plasma, exceeding 300ps were determined. The additional
energy input due to MW energy deposition was recorded. The shock waves, arising after laser-
induced MW discharge in air under the normal conditions, are registered by means of the Shlieren
system. The first results of MW laser-induced discharge in supersonic flow are presented.

Numerical investigation of laser plasma decay is carried out and regimes of MW filed
interaction with decaying laser plasma are analyzed.

References:
1. V. G. Brovkin, Yu. F. Kolesnichenko. "Structure and dynamics of stimulated microwave gas
discharge in wave beams". J. Moscow Phys. Soc. 5 (1995) 23 - 38.

2. •,HHAMHKA BHXP$1 B CPEAE C P3JIEEBCKHM MEXAHH3MOM
3HEPFOBMI}bEJIEHIHA

H.A.FepaCHMOB, B.C.CyXOMJIHHOB, C.B.CYXOMJIHHOB
Hayqno-ucc7ecoeamenbcKuiI uncmumym q5U3UKU CHIE1Y, CanKcm-Hemep6ype, Cm.Hemepaotb

KaK H3BeCTHO, P3neeBcKnIi MexaHH3M 3neproBbIgeieHn3 3aKJHIoaaeTcq B TOM, 'TO
ynpyraa cpegza o611aaaeT TeM CBOr4CTBOM, 'TO IIpH HaJIH'qHH B Herl HeOJAHOpO)gHOCTeri B o6nacTqx
c 6oibmefi IInOTHOCTfIO BbigeJgeTcR (HH Jil IOrJIollaeTcAI) HeKOTOpOe KOJIH'{eCTBO Tenna H
Hao6opOT [1,2]. KOHKpeTHOe KOJIHteCTBO BbIaejiAeMoro (norjiomaeMoro) B eLgHHHaLy BpeMeHH
Tenna 3aBHCHT OT xapaKTepHCTHK gLaHHOH cpextbI. PaHee 6bmIO HccnleIOBaHO BJIHAHHe
paccMaTpHBaeMoro mexaHH3ma Ha pacnpocTpanesIe aKyCTHtieCKHX H yIapHHbIX BOJIH [3-6].
AaHHaA pa6oTa nIocBiimeHa HccneqOBaHHIO )IHHaMHKH BHxpeBOri Tpy6KH B c)KHMaeMoig
P3jieeBCKOAi cpeae H B tfaCTHOCTH, B IIJIa3Me caMOCTOqITeJIbHOrO Fa3OBOFO pa3psUJa.

3aia'a pemainacb B npH6TIH)xeHHH HgIeajrbHOA C)KHMaeMo•i )KHAKOCTH, giJIA 'Hero
HCnOJIb3OBajiacb HecTalmoHapnaA CHCTeMa ypaBHeHHRI 3DJiepa. AJim 6ecKoHennIHoHi BHxpeBOH
Tpy6KH noijiyteHo aHanJHTHtlecKOH pemeHre AXJIA TaHreHInHaJIbHOHi H pa2qHaJubHOin
COCTaBJIAoiimef CKOpOCTefi ra3a npHr pa3JIH'qHOM 3HaKe HOCTOAHHOHi, xapaKTepH3yiome9
CBORCTBa P3ReeBcKoA cpeIai. OTgJenbHO paccMoTpen cjiytiai HH3KOTeMnepaTypHOrI HIaa3Mbi
ra3oBoro pa3p5)la, )JAi CHTyaIlii, KOrjga 3jieKTpH=ecKoe nojie B nnia3Me OpTOrOHajibHO H
napaJIejibHO OcH BHxpeBO0i Tpy6KH. B nocnIegTHeM cjiyqae o6Hapyx>eHo, 'qTO BHxpeBaA Tpy6Ka
CO BpeMeHeM pa3pyunaeTcA. IIpH THrIHIHbIX AJISI fIJIa3MbI IJIOTHOCT5X TOKa IIOp5AKa 10 MA/CM 2

H )IaBJIeHH31X B gIeCATKH Topp, BHXpb B BO3Ayxe paapymaeTcA 3a BpeMeHa nopaAAa COTbIX
ceKyH.TLI. CKopocT, pa3pyiieHHA 3aBHCHT He TOJIbKO OT nIapaMeTpOB P3JIeeBCKOAi cpegbI, HO H
OT HHTeHCHBHOCTH caMOFO BHXpA H Bo3paCTaeT npH yBeJIHtieHHH HIepBOHa'IaJlbHOg '-aCTOTbI
BpaiieHHmi ra3a. 9TO o6IACH~eTCA TeM, WTO C pOCTOM HHTeHCHBHOCTH BlXpa Bo3pacTaeT
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nepBoHa'IaTubHbIri rpazIHeHT HIJIOTHOCTH B ra3e, BCjieIXcTBHe qero yBej1HtIHBaeTCSI B03,gerCTBHe Ha

J[HHamHKy flBH)KeHHq ra~a P3nieeBcKoro mexaHH3ma. B pa6oTe TaK)Ke npaaI3Ip~H

BJ1HIHAHC yxieTa Teriji~rIp0B0,lHOCTH H BA3KOCTH ra~a Ha CK0P0CTEh papUeH BHXPSI. HOKa3aHO,

'ITO B ciiyxqae ra3opa3psUIHOrii HJIa3Mb:I BO3Jgyxa:3TH 344)eKTbI He3Ha'IHTejlbHb:I.

Hlony'-ieHHbie B pa6oTe pe3yJ~bTaTbi 1H03BORAISOT nepeliTH K pa3pa6oTKe HJIa3meHHbD(

meTQLI0B ynipa~jieH~s 3aBHxpeHH0CTbIO H CTeneHb1O Typ6yJIeHTHOCTH ra.30BbIX HOTOKOB.

JlHTepaTypa.

1. J.W. Strutt, Baron Rayleigh, "The theory of sound", 1926, London, p.33.
2. H.JI.AjieKcaHTpOB, A.Hl.HariopToBHr-, ((HpoijeCCbI B rage H HJia3me C OTpHiUaTejibHbIMH

HoHaMH»>, YOH, T. 163, 1993, cTp.l1-26.
3. AnieKcaHA2poB H.R., HanapToBwI H.H., Haim A.(I)., CepoB A.O., CTapOCTHH A.H.,

(<YCHYieHHe 3BYKOBbIX BOJIH B HJIi3me ra3OBoro pa3p5U~a», (DH3HKa nhIa3MbI, T.16, B.7, 1990, crp.
862-870.

4. Soukhomlinov, V.S., Kolosov V.Y., Sheverev, V.A. and Otugen, M.V. "Acoustic
dispersion in glow discharge plasma: A phenomenological analysis", Phys. Fluids, 14 (2002),
427-429.

5. Hamia CTaTbSI B )KT(D no P3nieio.
6. Hamia CTaTbSI B )KTCI, no P3niebo.

3. 'IHCJIEHHOE PEIIIEHHE 3MA'XIH KOWHl JLq YPABHEHHR B 1 IACTHbI1X
HPOH3BO~jHbIX HIEPBOIFO HOP$ILKA METOALOM XAPAKTEPHCTHK H

TPEX.)ICHLKOCTHA5I MOJEJ~b HJIA3MbI

B.B.KyqHHcKHfi, A.U.HHKHTeHKo, B.C.HCpBYXHH, H.B.TpO4)HMOB
Hqyqno-ucc,7e6o6ame,7bcKoe npe~npuimue .?ufep3eyK06bIX cucmemf, CaHmm-Hemep6yp"

rlpexi~araembWif meTOA OCHOBaH Ha HMHTaLU4H mCToJamH nPOrpammHPOBaHH5I (Ha jI3bIKe

nio6oro ypoBHsI) i-pouxe~lpbi aHaHHTH'ieCKoro peuieHns ypaBHCHHii B 'ICTHbIX HpOH3BOALHbIX.
PaccmorpHm o6bmrHIOnyo Hc31eOBaTejibHOCTb allajnITH'IecKoro peuieHHsi 3a~ia"IH KoLUH~

ypaBHeHHSI B 'IaCTHLIX HIpoH3BOAIHbIX ,IJJI31 4IYHKIIHH Z= Z(X, Y) OT XABYX He3aBHCHMbIX

nepemeHHb[X X,Y

azx )+g(x,y)z(x,y) axq = F(x, y, z) (1)
ax y

XapaKTepHcTH'iecKHe ypaBHeHH51 ARA5 ypaBHeHHSI (1) OTHOCHTeJIbHO napame'rpa (B

Ka'IecTBe riapamverpa yxxo6Ho Bb16paTE. nepemeHHyio X) HMeIOT BHAT [1,2]:

dyx) = g(x,y(x)), (2)

dzx) = F(x, y(x), z(x)) (3)

PeimeHHe 3Tofi CHCTembi

Y(X)= (PX) +Y/I(4)

Z(X)= XX) +V21(5)
cogIep)KHT rHPOH3BOIIbHbie HOCTO5IHHbie VOYI, , iF. e3 OrpaHH'IeHHSI o6iUHOcTH Ha'iaYbHbie

YCJIOBH51 B 3ajaaqe KoUIHH MO)KHO oripgi~JJiHTb Ha IIJIOCKOCTH ZOY (X = 0) 3a,1aHHeM 4yHKLJ~HM

Z(0, y) = wO(y). Ha'IaJlbHbie YCJIOBHAl, oripegensIoTI~~e COBOK~rHHOCTh TO'IeK

{ X=0, y= 1, Z=o (0(1) n0H3BOJIAIOT BbIMHCJIHTb BejiH'IHHy HIPOH3BOJIbHb1x riOCTOSIHHbDC

11 =(P() + , (7),(6)
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=X(O) + Y/2 (q7) (7)
)IIJIA noJIyxieHHSI PeIIIHHAI B npoH3Bo~RbHoii TO'IKe {X, y} Heo6XOJAHMO BbIHOJ1HeHHe

y =(P(x) + V.(l0) .(8)

YpaBHeHHSI (6),(7) H4 (8) IIpeaLCTaBJIAIJOT co6oii CHCTeMy Tpex ypaBHeHHA OTHOCHTejlhHO

'rpeX HeH3BeCTHbIX 717 Y/ Y/ B Er-IH peiiueH~e HCXOAIHblX ypaBHeHHr4 H peulIeH~e 3T011 CH4CTembi

ygiaeTC3i HIOJIy tIHTb B alHaJIHTWIleCKOM BH2We, BbI~ip)KeHHe (5) gaeT pemeH~e HOCTaBJIeHHoA

3a,Laa'H. Korjga allaJiHTH'IeCKOe peiiieH~e HaATH He ygIaeTCs1, MO)KHO HCflOJIb3OBaTb cJieliyiomiuyo

nocjie~jOBaTeJ~bHOCTb XgerICTBHrl.

3ag,za~zHm riOH3BOJIbHO B ypaBHeHH5IX Ha'-IajfbHoe 3HaqeHHe liapame~pa q) H BbIHIOJIHHM

"tIHcJIHHoe peineH~e ypaBHeHHA (1) H (2) HPH Ha'-iajibHbIX YC.JIOBHSJX X= 0, y = q, Z = wCj)(7

.JI1o6bIM yA0~6HbIM meTOAOM (HanipHmep, meTOJAOM PyHre-KyTrra, A'iaamca H T.Hi.). H-poBeqem

HHTCpHOJISWHIO HonTy'IeHHoro peiiueHHs (3) ;juiA PYHKUJHH y(X) B OKpeCTHOCTH TO'qKH X H

rIPOBePHM BbIIIOYIHeHHe YCJIOBHSI (8) (ycJIOBH31 (6) H (7) yXaOBjieTBOPS1lOTcSI aBTomaTHq-eCKH 3a

c'ieT 3agIaHHA Ha 1IaJIbHbIX YCJIOBHr rIIH tmcJiiHHOM pemeHHH AH44epelwHajjbHbIX

ypaBHeHHAll() H (2)). EcJim YCJIOBHe (8) He Bb~rIoJIHsleTC31, C~peTpe rno06bIM y,L46HbIM

meTOA2OM (meTOAOm HbIOTOHa, HaripHmep) HatI~JbHoe 3Ha,,4iHHe riapame~pa 17, peUiIHM CHCTemy

ypaBHeHHri (1)-(2), CHOBa fIpOBeg2eM KoppeKIIHK) Ha Bb~lOJIHeHHe ypaBHeHHSI (8) H T.Ja. Kor~ja
3HaieHHe iiapame~pa q7 CTaHeT TaKHM, 'ITo ypaB~eHne (8) 6yxreT .Bbiri~ilHeHo, pe3yjibTaT

'qHcjieHHOFO pacqe~a ypaBHeHH5I (3) qaCT Ham peiujeHe HIOCTaBjieHHOrI 3a)1aMH. T.o., ajiI-opHTM
'IHcjieHHOrO pac,-e~a MOKHO oriHCam cYieg2yioMgHM o6pa3om.

1 . 3aqzaHHe HwaaJIbHOI-O 3Ha'IeHHe niapame~pa 17.
2. XMHcjieHHoe pelueH~e CHCTembI )jH4)4)epeHIJHajibHbIX ypaBHeHHik niep~oro niop3sula IIPH

3a,2IaHHbIX niapame~pom 17 Ha'iaJlbHbIX YCJIOBH5IX H ero arInPOKCHmaLXHS B OKpeCTHOCTH

TO'-IKH X.

3. flpo~epi~a BbIHIOJIHeHHSI ypaBHeHHS (8). ECJIH ypBe~ (8) He BbIHOJIHS1CTCSI,

IlpOBeJIeHme KoppeKIIHH HaqaJ~hHOrO 3HaMeHH5I H riepexog rin.2. BbIHIOJIHeHHe YCJIOBH5I

(8) 3a~epniaeT H~puOHI ripoilejypy H ;jaeT pemeHne 3agIa'iH KOUIH B 3a2gaHH0ii

TotIKe I{x, y)}
MO)KHO HcrHOJlb3OBaTb H 6ojnee IIpocTyio ripoiCJgypy IIOJIYMCHHSI peifleHHSI,

HCKJIIO'IaIOIIIyIO peiueHue TpaHCI~eHgZeHTHOFO ypaBHeHHS1 H CBSI3aHHbie C :3THM HIOBTOPHbie

xIHcjieHHbie BbI'IHcYieHHSI pemieHHrl AH4x4epeHIJlHaJlbHbIX ypaBHeHHrl. [Jorapo6Ho nlpoi.le~lypa H

aJWOPHTM pCUiCjHHSI ripeCTaBjieHbI B 9IOKJii,1g. B 3TOM meTO~je 3apa~ee pacCC'HTbIBaIOTCA

Ta611Hijbi y(x) H Z(x) rIIH HeKOTOPOM Ha6Ope 3HaxieHHrl inapame~pa 17, IIpOBOaUITCSI oueHn~a

o611aCTH H3meHeHHA BO3MO)KHOFO H3meHeHH31 iHepemeHHOHR y (BeJIH'IHHbIY Mi H YmaX B
nip~mepe 2), a 3aTem JIHHeAHOri HHTepHIOJISIUHH OTbICKHBaeTC5I pCUieHHe HipH ,TJHCKpeTHOM

Ha6ope InepemeHHOR Xk = A nk (BeKTOP X B IIpHmepe 2). MO)KHO HCIIOJIb3OBaTb H
Nr

6oniee TO'qHbie meTO~jbI HHTepHTOJIAUIHH, npiHmeHHB HX H ARA15 Haxo)KlgeHH5I peLIueHili B

ripome)KYTKax me>KJay JHCKpeTHbIMH 3Ha'IeHHSIMH nepemeHHOR x.

ECTeCTBeHHO, nipegzilaraemasI ripoiueaypa MO)KeT 6Mm~ IIHMHmeHe~ K ypaBHeHHSIm 6oniee

BbICOKOrO I-IOPSUAKa H c 6oJmmUHM 'qHCJIOM HepemeHHbIX, nOCKOJIbKy KaKJIoe ypBe~ (H4JIH

CHCTema ypaBHeHHrl) mo>KeT 6bIm IIPHBegeHa K CHCTeme xapaKTepHCTH'ieCKHX ypaBHeHHR

niepBOF0 rIopAAi~a OT O)JHOR rnepemeHHoA [1].
0611aCb ripHmeHeHHSI meTOqa~ H COOTBeTCTBYIOuHeH oI-paHHIeHHAl no ero

HCrIOJ~b3OBaHHIO K HaCTO~IWeMy BpemeHH ewiie He rHojly'iCHbI. flpeJgejibHaS1 IIPOCTOTa H o6111HOCTb

meToJLa rl3BOJIAIOT Ha)IeSITbC5I Ha ero ycnieLU~oe HCHIOJIb3oBaHHC BO Bcex eny~asix peiueHHSI

ypaBHeHHr4 maTCmaTH'IeCKOrH 4ýH3KH, KOrgLa )AOKa3aHO cyiijeCTBOBaHHe H eJgHHCTBeHHOCTb

peuweHnH 3aga'IH.
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B Ka'ieCTBe nHHmepa Hcn0J~b30BaHH5I npeaiUiaraembrx meTOAfOB B A1OKJIlaaea1aHO peiueH~e
COKpaujeHHofI CHCTembi yaBHeHHri, 0HIHCbIBaioLLHx riLTI3MY B Tpex>KHTaK0CTHOM InpH6JIH>KeHHH.

JIiTepaTypa:
1. CM14PHOB B.14. Kypo BbICiueii MaTeMaTHKCH, T.IV. M., 1957, 812 c.
2. KamKe 3. CripaBOEIHHK 110 qH44epeHujHajibHbIM ypaBHeHHAM B qaCTHbIX HIP0H3B0aHbIX

riep~oro rIOPAutKa. M., 1966, 260 c.

4. BJIH5HHE PACHPEALEJIEHH5I HO HOBEPXHOCTH BHEIIIHEFO TEHJIOBOFO
HIOTOKA HA PABOTY CHCTEM16I AKTHBHOfH TEHIJIOBOR 3AH1UHTbI

JIETATEJ~bHOFO AHHAPATA

A.B.Kopa6e.Th6HHKOB, B.B.Ky-IMHCKHI, H.B.Titmo4weB, IO.B.CojioAIuCrn
Hayquo-ucc,7eIa6anme~bcKoe npecinpuqmue auflep36YKO6blX cucmehl, CaHKm-H~emep6yp,,

RIOKniag fOCBSIIUH H3J1o)KeHHio rIoYiy3mm~pHqeCKOri maTemaTHxieCK~i moJgeim

TepmoxHmHt ieCKoro peaKTopa, B KOTOpOii BO3)qerCTBHe TerIhlOBoro HOTOKa Ha TXP
mo0aenHpyeTCsl 3agTaHHeM HeK0TOPOR 4)yHKIUHH TenJIoBoro HCTOqHHiKa q (X, Y,Z, r).
Pacnpe~aejieHHe TeHIJIOBbIX HCTOMIHHKOB HO AR~JHHe TXP (no OCH A) 6epeTCA B BHaTe

3KCHOHeHuHaJIbHofi 4ýYHKIUHH q(X)=qoexp(-X/o), JIHHerHOR H4uH raycCOBCKori4)ýYHKLUHH (HJIH

Hx cyflepH03HU~HH). I4eriOJIb3OBaHO HipH6jiH>KeHHe Hec)KHmaemoro ra~a ()KHTJKOCTH), HYIOTHOCTh

ra3OBOA cmecH H OCHOBHbie napameTpbl, xapaKTepH3yioiIWC TeHYTiomaccoHipeHOC, Ct{HTaI0TCS1

HIOCTOAHHEbIMH. EyLeT paccmoTpeHO HipH6jiH)KeHHC, B KOTOPOM HHTepeCyIOmHe Hac 4YHK~Im-i
3aBHC5IT TOJIbKO OT O)RHOii KOOPAHHaTbM X - paCCTO$IHHSI OT Bxoaa B TXP. rIPH 3TOM BbI16op
HeKOTO~bMX riapame~pOB 6ygieT HPOH3BQZU4TECA TaKHM o6pa3om, KaK 6yjATo MbI BegLem
paccmoTpCHHe HOJIHOrI TpCxmepHOii CHTyaUjHH, HO03TOMY TaKoe nIpH6jiH>KeHHe MO)KHO CqHTaTb

KBa3 HO)HomepHbIM. B o6umem cniytiae CHCTema CTa1XHOHaPHE.IX ypaBHeHHii Tennjomacconepe~oca
B TpexmepHom TXP HMeeT BHIR:

2 2T-wVT+Q v2P O h- I0 + q=0, (1)
c pp C p cp

DV2 pO _ *Vp 0 + TDV 2 T - 1 0=O0
T p

B TXP nIOC~yraeT cmeCC, H3 meTaHa H BTOporo cyMMapHorO KomrHOHeHTa , B KOTOPbH1

BXOAAST BCe OCTaJIbHbie HpIP0,yKTbl peaKLXHH. OTHOCHTeiiEHbie KOH1iCHTpaiUHH meTaHa H
BTOporo KOMHIOHeHTa cmeCH o6imrnqvIM o6pa3om CBSI3aHbI C COOTBeTCTBYIO~ItHMH IIJIOTHOCTAlMH

ro H rz

"PO = (r 0 + r.) p " (ro +ry y y ,~ ,P HPHLqeM p +p E=I1. (2)

BBoalAs 6e3pa3mepHy1o HIPOCTpaHCTBeHHyio riepemeHHyio x = x , rge L - ALJIHHa TXP,

nojiy~iaem CHCTemy ypaBHeHHfl

w.dT +__ Q*-o q w. Q* dpo 0  ,
L dx c p p c ppc pp L cp dx

Id 2 p0  w dpo kT 1 d2 T 1o 0  (3)

L2  dx 2  DL dx 'T L2  dx2  Dp 0

BXOUHbMMH napame~paMH 3agXatIH SBJIqIOTCAi pacxoai MeTaHa go H pacxoxg napoB BO~tblI,
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IKOTopa5I Ha BXOJae B TXP SIBJIISTCS1 egIHHCTBeHHbIM KOMIIOHeHTOM cmeCH gy-g I (KF/C).
Peuienue nepeooo ypaeneiiuq nozzyqaemcq cmanc~apmn~ilM Aemoc~o,1, ecjiu c'iumamb, 'qmo Ha

6xo~e 6 TXP (x=0) mem~nepamypa 6bul7apaena memnepamype To nocmynaloze~i Ha 6xo6 TXP

.- a3060fi cmlecu. Ho,7yqew-oe npu 3mom ycql06uu pacnpeoe,7enue memnepaMypbi no 6,iune TXP
c6aeMCAi 6bipa~icenuem

T(x) = TO- 0 Jx e-Hx + Q e~ (4)

H-c LI6

rg Q =q 0L , 0

Bbziquc.7enue omHocumelbHbIX 6eCO6blX lconzfeumpayufu OC~aWlbnbIX Kom~noueuMO6
np6O~umc~q no t/3opuyfam

p1l(x) =,ý1  M, 2k±1l V-po(x)J P2 (x)= M 2  '1;50PO p(x)J
MO k÷1 MO k+l 5

P3W _ MI 1 O-P lP M4 4k + 3 [5 O(
MO k+1 MO k+1

m,2e HHaLeKC "1" 3a~penijieH 3a H20, "2" 3a CO, "3" 3a C0 2 H "4"3a H2 .,
TaKHM o6pa3oM, B Hyj1eBOM HIpH6JIH)KeHHH rIOJry'-IeHLI pacripegLeiieHHA KOHile~HTpauHH R

Temriepa~ypE~i riO AJIHHe TXP. JgajibHeriiiee YTO'qHeHHe nerico caiejiaTb, IIOaCTaBHB IIOJIy"HHOe

pacnpe,2aeneHrie TemniepaTypbI (4) BO BTOpoe ypaB~ernie (3) gursi 6o.jiee TO'qHOFO OnpeaLejieHH5I
KOH1]lCHTpaUHH meaa a Bcjiejg 3a 3THM - H Bcex TlpyrHX KOMIIOHCHTOB.

B gomnaaIe IIPHBegeHEI pe3yJlbTaTbi pacqeToB BJIHSIHHSI pa3JIHtHMX 4ýopm pacnpe~eaieHns
TeH~jiOBOr'O HIOTOKa, riOC~ynaioumer Ha HOBePXHOCTb TepmoXHMHT IcCKo1-o peaKTopa, Ha

TemiepaypyH KOHijeHTpalUHLO MeTaHa. PaccLIHTaHo pacripeqj~eieriri KOHLueHTpaimA [a3OB,

Tenpayb H CTerieHH KOHBepCHH MeTaHa 110 JJIHHe TXP.

5. O1JEHICA II3MEHEHHA5 HAPAMETPOB HIJIA3MbM HPO~jYKTOB CFOPAHHA5
HIPH H-POXOWK)LEHHH AKYCTWIqECKHX BOJIH C HCHOJIb63OBAHHEM

HPHB;JILDKEHHOIFO PEIHEHHII YPABH-EHHfJ TPXCHAKOCTHOi4 MOjLEJIH
HJIA3Mbl

B.B.Ky-qHHCICHl, A.B;.HHICHTeHKco, B.C.HepByxHH, H.B.TpO4rnMOB, IO.H.AFHJIHMOHOB
Hayquo-uccjle6o6ame,7bCnoe npei~npun~mue .?ufep3eyK0eblX cucmeml, CanicM-Hemep6ypo

flpH4 pa3pa6oTKe HOBbIX meTO9OB a~HarHOCTHKH TeI1JIOBbIX aXBHraTeiiefl HyTCm

H3mepeHH5I 3jieKTpOýrn3HqecK<Hx iapame~poB flJIa3mbi IIPOJaKTOB cropaHHsI 'pe6yeTCAl

oueHHTb CBSI3b me)KaIy OCHOBHbIMH xaa~PHT~M ABHraTejiA (TemniepaTypog H

rHyJIbcalXHOHHOr4 COCTaBJ5imoLJe1 graBJIeHHql) H BeJIHqHHaMH H3mepqIembix HOTeHuHiaJ1OB H

npOBO~jHMOCTeik [1]. B gomoagre nipeUio)KeH H HC11OJlb3OBaH I~pOCTOH meTO~j oge~HKH flOTeH1UHaJ1a

H HIJIOTHOCTH ToKa Ha OCHOBe HpH6JIHDKCHHoro peL11CHHSI CHCTembi ypaBHeHHft, OHIHCbIBa1omHx

HHK~mieaYH1 iiia3my ripogTyKToB cropaHHS1 B TpeX)KHAKOCTHOrl mo)JIiH.

CHCTeMa HeCTaiUHOHaPHEIX ypaBHeHnii BKjiio'iaeT B ce6Mq ypaBHeHHA ,lJBH)KeHH51

qjieKTPOHHorO H HOHHorO KoMrIoHeHTOBC, a, + U, VF + ~!(U, -U.) +Vpe -eneE=O0, (1)

nim i I+ UiVgUi + en,!(U _U") + Vpi +eniE = 0 (2)
at 1.11

ypaBHeHHe HOHH3ai1lHOHHOFO paBHOBcCH5i cpeabI B 4ýopme Caxa, rie~~ueo B BH2II
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3

al7 s(x, t) =6.666798 -102 -'ze kT, (3)
(1 - 001+q) l

3aBHCHMOCTH gUiA CpeAHemacCOBbIX HJIOTHOCTH H CKOPOCTH

F = me?1+ mia + M.(1 - a) PI: UL-MUeq +MiUia + M.U Q1-a)(4
1 +17 kT' Me + Mia + M.(1 - a) ' (4

ypaB~eHne Hepa3pbIBHOCTH HIOTOKa, ypaBHeHHe coxpaHeHHSI 3apqIIaaH ypaBHeHHe H~yacCOHa

al +V luyaVE -- 1q =0. (5)at )=O, ~~at qVk=1 t

3J~cb ~e e km (1 + I)kT = e ý=rm, (1 + j) k T - HOA1BH)KHOCTH
MeQea kT(1 - a)P,: MiQia 8T(1 - a)PT

P, (a-
3JiiKTPOHHOFO H HOHHOrO KOMHOHeHTOB COOTBeTCTBeHHO, q =e ýý- JIOKaJlbHaJ1

kT(1++q)

HIJIOTHOCTb HeKOMnICHCHPOBaHHoro (H436bITotqHoro) 3apsuia, 0 k = e(aU, - iqUe)
(1 + ti)kT

KOHBCKTHBHaSI C0CTaBJIASII0WaA IIJIOTHOCTH 3JIeKTpHt ICCKoI'O TOKa.

CHCTeMa CBORgHTCSI K BOCbMH JIHHer4HO He3aBHCHMbIM COOTHOlIeIHHAMmeM)Kzy aIecS~ITo

(ýYHKIIH51MH: Ue, Ui,,Ua , p. ~,a ,E ~, T. CHCTema 3ambIKaeTCSI Hipeg0jio)KeHHem 0 TOM,

'ITO 4YHKIIHH Pl,,T Kaic onpeaeJIsiIOIiUe xapaK~ep aKYCTHMCCKHX BO3JgeACTBHrl

pacaPHaOC KaK H3BeCTHbie

E=P 1+ ccos( 27rn1 '0x)sin(2Knlfot)l T =T 71+ cc 0 (27rnifo x'lsin(27rnlfot)l (6)

Bcio COBOKYIIHOCTh Bbipa)KeHHiA (1)-(6) ygTaeTCAcs BeCTH K CHCTCMC Tpex ypaBHeHHrH

OTHOCHTejibHO HeH3BeCTHbIX OTHOCHTejiEHbIX CKOpoCTerl 3iieKTI)OHOB Ue Ue I U0 , HOHOB

ui=Ui/U0 (U0  8lkTo ) H CTeIICHH HOHH3aUHH a:

__,=-K~ ue ,u a .'- KF+ KE
ar Oa Ia

az Ple Qea FM, Mi

I & z 1 +'~

rxge -ok 310, J( = e, K e 7- H
KFl ryR = ~ f f0  k1~r

F = -i [2rcsin(27Kz) sin(27KT)( + gV' = 1 +cgaalr~cs27
8 [ L ,(2 kTog) 'aazj I
rlpeHe6perasl CKOPOCTbIO HOHOB H aToMOB no cpaBHeHHIO CO CKOPOCTbIo 3JICKTPOHOB H

HIOATCTaBJIAIS COOTBeTCTBYIOIIUHe 'HCJIeHHbIe 3Ha'IeHHsI, IIOJIY'-IHM CHCTeMy H3 .gByX ypaBHeHHR

LI au
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8cc Koue +c
-+ sin(2ia + a) 1

1+a2/sg (22/ 27c f o+ e hCos(27rz cos(27rT) - u, sin(27rz)si(7T

HIpo He6oJhIbUHx amHJInnygax aKyCTH7,ieCKHX BOJIH (C «<1) H xaa~e I a2J1IA )KPAI
,TIaBjieHHsAX H TeMniepaTypaX H3 rIePBOro ypBeH (8) MO)fCHO HOJIY'qHTb ripH6jiHDKeHHYFO

dýOPMYJIY aJI5I oLeHKH Ue = UeUo*

PeilieHue ypaBHeHHii (8) IIPOBOaHJIOCb HTepaIIHSMH meTOaTOM xapaKTepHCTHK.

Pe3ynbTaTbI Bb tIqHcjieHHrH H rnojiy'eHHbie ýOpMYJbIM TII3BOJI3IIOT cJzeiiaTb cniexaybouuie

BbIBO9bI.

U~pH cpaBHHTeJlbHO 6oJIbIUHX HIOTeHIAHaJiiX HOHH3a1UHH v Ž! 10 3B CICOPOCTb 3JIeKTPOHOB

npUPHOai~ qaCTOTe H o6paTHO 11~IPIH~~~ XaBJ~eHHIO. 143 BTOPOFO ypaBHeHHA

(8) BHAHO, WIO CTeICHLH HOHH3aI1lHH a -~-r-H 3aBHCHT OT aa~BjieHHAI H riaCTOTbI TOJIbKO tiepe3

3aBHCHMOCTh CKOPOCTH OT PI:, fo . COOTBeTCTBeHHO, ILTOTHOCTb TOKa

j =ene Ue ea U, HpOHIOP11HOHaJnhHa T.LaCTOTC. 14 CKOPOCTb, H HIJIOTHOCTb ToKa
k To

rIPOflOPIAHOHaJ~bHbI aMrIJIHTygIe MOAYJIAIIHH C.

H~ojiy~ieHHbIe dýopmyYIbi r1O3BOJIAILOT C ALOCTaToqIHO xopouierl TOqHOCTLIO nIpOBoIHTb,

oijeHKH BJIHSIHH5I aKYCT~tiecKorO B03myiijeHHSI Ha JIOKaJIbHbie xapaKTePHCTHKH fliji3MbI

HlpO)IYKTOB cropaHHsI. FIpegTjio)KeHHb6Ii! meTOA oijeHOK MO)KCT 6Mm~ i-lojie3eH ripH pa3pa6oTKe
AHarHOCTHWICCKHX meTQOjOB H HccJiiegOBaHHSX aKYCTHtieCKHX BOJIH B HH3KoTemriepaTypHoPI
HJia3me.

JIHTepaTypa:

1 . A.R. KypaHoB, B.B.Ky'HHCKHri, B.A.rHHH1IYK, IO.H.AHJ1HMOHOB.
DaleKTPO4H3H'qeCKHe ABjieHHS1 H ripoxo>Kge~HHe y~lapHbIX H aKyCTH'-IeCKHX BOJIH B HJiii3me

rIPOAYICTOB cropaHHsl. <(HlojieT»>. 2004, X2** CTp.*.

6. HIPOIBJIEMbI KATAJIH3A HIPH HOJIY'IEHHH BOJOPOJLA

BJaaCOB E.A., *JKypaHoB A.AI., *Kopa6eJabHHICOB A.B., HOCTHOB A.10., Hpoicoriernco A.H.
CaU~M-Hemep6ypoCKuii oocyi~apcm6eHHblfi mexnojlo,-ulqeCKuii uUCMUMYM (mex~uuqeCKui

ynueepcumem), *OAO <'HHHFC0 XK ('dfeuuuetp)

K XX CToJIeTHio HiOJIHOOTLIO C4)OpMHpOBaJmaub 3KoHOMHKa, OCH0BaHHaSI Ha HCKonaembi-x
T0HJIHBax (yulie, He4)TH, ra3e). OaIHaKO HeyKji0HHO B03POCJTIO 'IHCjjo H x1aCTOTa 3K(ojlorH'eCKHX

KaTacTpo4ý: KHCJIOTHble .ZO0)KJH, HiapHHKoBbIH 34~4eKT, O3OHOBbie gl~ipbI, cmoF H .

AJIbTepHaTHBHbIM TOHIJIHBOM mo)KeT 6bI~b BOAIOPOJ HJIH TOHJIHBHblil ra3, c)KHraHHe KoTopoI'o He

jgaeT BpCJaHbIX Bb16pOCOB. OCHOBHbIe rH0jio)KeHHS C43OPMHPOBaHHOR B HaCTOsuijee BpeM5I
KOHLIeH1JIHH B0OAOXO)HOii 3HepreTHKH cjiegyiomHe: 1) rI1OH3BQLaCTBO BQTJopoga H3 B0~bI C

HCH0Jlb3OBaHHeM HeBo306HOBJI~embix (yroumE, flPHPOALHbirH Fa3, aTOMHa5I 3HeprH5I H T.;J.) 14

BO3o6HOBJI5WmbIX HCTOtIHHKOB 3HeprHH (COJIH~e, BeTep, 6Homacca H.T.J,.); 2) TpHrOTP~~

H xpaHeHHe Bogopo)ga; 3) HcrHOJIb30BaHHe Bogopoga B ipombHiLijieHHOCTH, Ha TpaHCHiOpTe H B

6blTy; 4) npo611eMbl Hage>KHOCTH BOAOPOaLHOR TeXHHKH H 6e3onlaCHOCTH B0JO)IOJ~HbIX

3HepreTH'IleCKHX CHCTem H nipo6niema 1C0HCTPYK1IIHOHHbIX H4 cYHKUjHOHaJbHbMX maTepHaJTOB
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(KaTaJiH3aTOpb1, mem6paHbI, HaKOnHTejiH BoIlopoXa Ha OCHOBe 611aroOAHEIX H pe;lIKHX

3JRemeHTOB).

Cnie~IyeT OTmeTHTE, euxe OAfHy nipo6nemy, CBAl3aHHYIO C BOJaOpOA2HOrl 6e3onaCHOcTbIo
aTOMHbIX 3JIeKTpOCTaHIIHii (A3C), KOTOpaSI OCHOBbIBaeTCA Ha ripHmeHeHHH aBTOMaTH'-IeCK11X
cpe.LICTB peryJIHPOBaHH5I H HCHiOJ~b3OBaHHH cneILjHaJIbHbMX mep HO 3aiijlHre. rlocile2AHee BKlio tqaeT
KaK KOHTPOJ~b KOHiUeHTpauHH BuoIpOLa B cjiy>Ke6HbIX rIomeiijeHH5IX, TaK H aKTHBHoe

KaTaJIHTH'qeCKoe OK1HcJ1eHHe H2 , o6pa3ymouerocs[ HpH aBapHH B CHCTeMax oxniax<,eHHsA
aKTHBHO9 3OHbl. I-Ipo6.nembi rIoYiyT1HH5 BO;lIopoxa TeCHO CBSI3aHbl TaK)Ke c peaJIH3auHedi

KaTaJIHT~tieCKHX ripoileCCOB B cHCUH~J~bHO CKOHCTPYHPOBaHHbDC KOHBepTOpax, B KOTOpbIX
O~aHOBpemeHHo ripo~e~a1oT 3K30- H 3HJAOTepMHqeICKHe HipoLeccbi. KaTarnH3aTOpb aIAu~ TaKHx
peaKTOPOB Ha OCHOBe BbICOKoOHOHCTbIX Aie~HCTbIX maTepHaJIOB MOFYT 6brrm c ycniexom
HCrIOJlb3OBaHbI H ARAI~ Hoj1yxiHHSI BogIopogTa H3 yFjieBOAJOpOafHb1X Fa13OB ARA5 TOIIJIHBHbIX
3JiemeHTOB.

BCe3yCJIOBHO, npoH3BOaCTBO H HCIIOJlb3OBaHHe BoXgopoJg H TOHJIHBHbIX ra3OB He mo)KeT
6bITb, peaj1H3OBaHo 6e3 KaTaJIH3aTOpOB. CyIIeCTBy1IoWHe pa3pa6oTKH KaTaJ1H3aTOpOB

6a3HpoBaniHCb Ha Hay'qHbIX a~OCTH)KeHH51x 60-70 FOLJOB nIpoxnnJoro CTOjieTHSI, HcriOJIb,3y5
Tpa;IHIJHOHHbie meTOaL~I nHrHOTOBjieHH51 (cMeuiieHHsl, cooca)K)jeHHs1, npOrIHTKH). OqIHaKO
ycnieXH HaHOTCXHOJIOrHH 3a nocJiiJJHHe roJghI 3aCTaBHJIH riepecmoTpeTb cyi1uecTByIoatHe

COCTaBbl H TeXHOJIOrHH nH eHMCHmCb1X KaTaJIH3aTOpOB. mIHpOKO HClO JIb,3yeMbIe
(mojieKynslpHoe HacYIaHBaHfle, HJiii3meHHoe HaribijIeHHC, 3OJ~b-ri'~ib meToA, mexaHO-XHMW-1eCKoe
aKTHBHpoBaHHe, 'HJApOTepmaJ~bHoe MOJaH4ýH1HpOBaHHe), a Taioie HoBbie flepcnieKTHBHble
HaHOTeXHojiorHH (nra3epHoe 3JleKTpoA2HdneprHpOBaHHe, 3KcTpaKWHOHHO-nHPOJIHTH'IeCKH4Ii

cnoco6 H JJpyrHe) OTKpbMBaIOT UIIHPOKHe BO3MO)KHOCTH HO0 YJTY'IeHHIO CBOr1CTB KaTajiH3aTopOB,
pemueHImo Hipo6Yiem IIojiy'HHA TOnJIHBHbix ra3OB.

Aim~is ycnemil~oro peillCHHA 3aaLaq IIPH Hioji~tIHHH BoJgopo2a H ToHYIHBHoro ra~a B

6JIHwaKaiiue rogmb noTpe6y1oTCAcnI CHaUH1HCTb1 pa3JIHMHoro HipO4HjmS, B TOM '{HcJe
floJ~OTOBjieHHbie B o611aCTH KaTaJIH3a, TCHJIOd2H3HKH, X1HMHH H TCXHOJIorHH KaTaJIH3aTopoB H
cop6eHToB, 4IH3HKe H XHMHH ropeHHsi ToriInHBa, KOHCTPYHPOBaHH51 H ynpaBJilHH51
KaTBJIHTH~leCKHMH KOHBepTopaMH H ATpyrHX pa3Jaejiax coBpeMeHHorl HayKH.

6. PROBLEMS OF CATALYSIS AT HYDROGEN PRODUCTION

Vlasov Ye.A., *Kuranov A.L., *Korabelnikov A.V., Postnov A.Yu., Prokopenko A.N.

St. Petersburg state technological institute (Engineering University)

*)Hypersonic Systems Research Institute of the Leninetz Holding Company, St. Petersburg

By the 2 0 1h century, the economy based on fossil fuels (coal, oil, gas) has been fully
shaped. But at the same time, ecological disasters such as acid rains, greenhouse effect, ozone
holes, smog, etc. are steadily growing in number and frequency. Hydrogen or fuel gas the
combustion of which does not result in harmful emissions could be used as alternative fuel.
Fundamental tenets of the present day hydrogen energy conception are as follows:

1 . Hydrogen production from the water using non-renewable (coal, natural gas, nuclear
energy, etc.) and renewable energy sources (sun, wind, biomass, etc.);

2. Hydrogen transportation and storage;
3. Industrial, residential and transportation hydrogen usage;
4. Reliability issues of hydrogen engineering and safety of hydrogen energy systems; the

problem of construction and function materials (catalysts, membranes, hydrogen
collectors on the basis of noble and rear-earth elements).

One more problem associated with hydrogen safety of nuclear power plants needs to be
mentioned here. It is based on the usage of automatic control systems and special protection
measures. The latter includes both monitoring of hydrogen concentration in the indoor offices
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and active catalytic oxidation H2 resulting from emergency cases in the cooling systems of active
zone. The problems of hydrogen production are also closely connected with realization of
catalytic processes in specially designed converters wherein exothermic and endothermic
processes occur at the same time. The catalysts for such reactors on the base of highly cellular
materials can be successfully used for the hydrogen production from hydrocarbon gases for the
fuel elements.

It goes without saying, that production and usage of hydrogen and fuel gases can not be
realized without catalysts. The existing catalyst samples have been developed on the basis of
scientific achievements in the sixties-seventies of the last century using traditional preparation
techniques (such as mixing, co-precipitation and impregnation). But accomplishments of n-
technology over the last years have caused revision of the -existing compositions and catalyst
processing techniques. Extensively used molecular lay-up, plasma spraying, sol-gel method,
mechanochemical activation, hydrothermal modification and also new advanced n-technologies
(such as laser electrodispersion, extraction-and-pyrolysis technique and others) open up new
opportunities for enhancement of catalyst properties and solution of the problems associated with
fuel gases production.

7. TEPMO2IjHHAMWJ1ECKOE OBOCHOBAHHE BbIBO;PA Cb6IPb5AI AJL
TOHRJIHBHhI1X 3JIEMEHTOB

lleTpa~qeHICoBa A.C, KOTOB Ai.H., JlaBPHHeiA E.H, HOCTHOB A.IO
CaH7<m-Hemep6ypOCKUii oocyoapcm6en~bd1 mexnofloeutieCKUf unCMUMYM

(TexnuqeCKcUi1 ynuuepcumem)

,QJI5 IIOpTaTHBHbI1X H HH3KOTemiiepaTYpHMX TOIIJIHBHLIx 3jieMeHTOB B KatiecT~e
iiepcneKTHBHOrO CEJpbSl MOFYT 6bITb HCIIOJIb,3OBaHbI opraHntiecKne M(cYRoTb, cIH~pTEI, KeTOHbI 11

Ap., H3 KOTOpbIX flpS1mbim 3JIKTpOOKHcJIeHHeM HJ1H KoHBepcHeH BOAHbIX paCTBOPOB Ha
rLIiiTHHOBOM KaTaJJH~aTope-aHo1ge B03MONKHO nioiiyqieHne Bogopoga. B ,gaHHorl pa6o'Te nipoBeLeH
TepMO.1LUHamH~qeCKHii aHaH3 psuga xHMH'IecKHx npe~pauijeHH c o6pa3OBaHHeM H2 H OKcCMOB
yruiepoxga.

)j isi oyiyteHHsi Bo~opojga 6bu1 ripeazjio)KeHEJ peaKLUHH pa.3Ji0)KeHHA H KOHBepC1HH
opraHHtiecHXx BemiecTB c o6pa3oBaHHeM Bo~~opoga H OKCHJAOB yrniepoaTa 11 H IV:

HCOH = H2+ CO (1) C2H5OH = 3H-20 + CO + C (6)
HCOH+ H20 = 2H2+ CO2  (2) CH3COOH = 2H2+ 2CO (7)
HCOOH = H2+ CO 2  (3) CH3COOH + 21- 20 = 4H 2+ 2C0 2  (8)
C2H5OH + 31- 20 = 6H 2+ 2CO2  (4) CH30H + H2 0 = 3H2+ CO2  (9)
C2H-5OH + H20 = 4H-2 + 2C0 (5) CH30H = 2H2+ CO (10)
Pact:ieT H3o6apHo-H3oTepMHtqecKHx HIOTeHLHaJIOB (AGT) ripegiiaraembix peaKuIII

HpOH3BOAHJIH 11O MeTogy~ TeMKHHa- mUBapilmaHa B HHTepBaJIi Temnepa~yp OT 250C x4o 450T0 .
IJ~uI oiUeHKH 3HepreTHq~eCKHX BO3MO>KHOCTeHi paCaPHam peaKIIHH paccHTi~a~a BeJiHxIHHa

YACflbHOR 3HeproCMKOCTH CO (BT/(IqcM 3 )) no ypaBHeHHbo: w =AGT .p/(3600-M), rge p -

HIJIOTHOCTb,, F/CM 3 ; M-MOsIApHaA Macca, F/MOJiEh. TaK KaK B HJgeajIbHOr i ~-eKTpOXHMH'ýiecKoA
cHc~eme IIpOHCXOALHT TepMOJAHHamH'1eCKH o6paTHMoe ripe~paiueH~e XHMHT~ieCKHx Bei1ueCTB, TO
MaKCHMaJIbHaSI 3jieKTpHtiecKa5 pa6oTa, co~epniaemasi LpH 3TOM, paB~a H3MeHeHH1O H3o6apHO-
H3OTepMH'ieCKOrO HOWeHUHaJa. Io,3Tomy aHlJIH3 ygleJ11bHoi 3HeproeMKOCTH4 xaa~p~e
TeoperMtiecK~e (TepmOAHHaMi4tieCKne),3e~TqC~ cBof4cTBa pa3JlHtIHbIX BeuijeCTB.

C TOTIKH 3peHHSI KOJIH'IeCTBa BoJgopoxga, BbigeiiMLOIIUeFOC5I IJH pa3jio)I(eHHH 1 MORA15
HCXOAHor-O peal'eHTa, HaH6ojiee riepcrHeKTHBHbIM cblpbem OKa3bIBaiOTCH 3TaHOJI (6 moJieAi H2 HO

peaicUHH (3) H 4 MORAS nio peaKLUfl(6)), yKcyc~asi KHc.TIOTa (4 MORA5 H2 nio peaKUHAM(4) H (9)) H
MeTaHOJI (3 MOR[A H2 nio peaKUHH(5)). TepMOAHHaMHtieCKHIri aHaJ1H3 aTJaHHbrX peaK~ujii
noKa3bIBaeT, tiTO OHH He MOFYT 6bITb, peaJ1H3OBaHbi HipH H1H3KHX TemniepaTypax. KOHBepCHA
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MeTaHojia CTaHOBHTCA TepMoqHHaMnqecKH BO3MO)KHOri nPH TeMnepaType Bbime

50'C.OcTarbHbie H3 nepeqHtcieHHbIX BeHmeCTB pa3iiaraloTcA npH 3HaqTHTenbHO 6onbmHx
TeMrIepaTypax, HTO He)KejiaTejnbHo UJIA HCIIOYIb3OBfHHAI B TOIIJIHBHb1X 3YleMeHTax. H-I3TOMy

BO3HHKaeT HHTepeC K peaKLiHiM, XgaIOwIM MeHbmlHii BbTXOý( 11O BOJaOpOa2y, HO n1pH 3TOM

npOHCXOUnMHX npH HH3KHX TeMnepaTypax. TaKOBbIMH ABJIA1OTCA peaKIUHH (1), (2), (6).
AHajrH3 3aBHCHMOCTH BeJiH'qH-bI 3HeproeMKOCTH OT TeMnepaTypEl noKa3bIBaeT, qTO

HaH6ojiee nepcIneKTHBHbMM cbIpbem 4JIA CHHTe3a BO)jopoga B TOHJIHBHbIX 3JieMeHTaX AIBJIleTC3H

4)opMa b~aer`H H MypaBbHH-a KHCJIOTa. rIpH 3TOM cjiejyeT 3aMeTHTb, qTO C yBejIHqeHHeM
TeMriepaTypbl y)JlIbeHbI 3HeproeMKOCTH, COOTBeTCTBYIOIUHe peaKIXHAlM (4) H (9) paCTyT ropa3xao
6bicTpee, H npH TeMriepaType nopqaKa 400-4500C HaqiHHarOT npeBb1nuaTb 3HeproeMKOCTb
nepBori peaKiuHH.

1-poBeJieHHbIri aHJaiIH3 r1O3BOJIAeT FOBOpHTb 0 Heo6XOHMOCTH BeCTH gLajibHeHnUHe

HccieIjOBaHHA B TpeX HanpaBYIeHHSIX:
"* pa3pa6oTKa IIOpTaTHBHbIX TOIIJHBHbIX TOnJIHBHbIX 3RIeMeHTOB Ha OCHOBe

MeTaHoJIa;

"* pa3pa6oTKa nOpTaTHBHbIX TOIIJIHBHbIX TOriJIHBHbIX 3J1eMe-HTOB Ha OCHOBe

4)opuamjibrHxa H MypaBbHHOri KHCJIOTbl;

"* pa3pa6oTKa npoileccoB BbICOKOTeMnepaTypHori KOHBepCHH 3TaHoJIa.

7. THERMODYNAMIC JUSTIFICATION OF FEEDSTOCK SELECTION FOR
FUEL ELEMENTS

Petrachenkova A.S., Kotov D.N., Lavrinets Ye.I., Postnov A.Yu.
The St. Petersburg State Technological Institute (Engineering University)

Organic acids, alcohols, ketones, etc. from which hydrogen could be obtained through
direct electrooxidation or conversion of water solutions on platinum anode catalyst could serve
as a promising feedstock for the portable and low-temperature fuel elements. In this paper we
present thermodynamic analysis of a number of chemical transformations resulting in H2 and
carbon oxides formation.

To produce hydrogen, reactions of decomposition and conversion of organic matters with
formation of hydrogen and carbon oxides II and IV have been suggested:
HCOH = H2 + CO (1) C2 H 5OH = 3H 20 + CO + C (6)
HCOH + H20 = 2H 2 + CO 2  (2) CH3COOH = 2H2 + 2CO (7)
HCOOH = H2 + CO 2  (3) CH 3COOH + 2H 20 = 4H 2 + 2CO2  (8)
C2H5OH + 3H20 = 6H 2 + 2CO 2  (4) CH3OH + H20 = 3H2 + CO2  (9)
C2H5OH + H20 = 4H 2 + 2CO (5) CH 3OH = 2H 2 + CO (10)

Calculation of isobar-isotherm potentials (AGT) of the proposed reactions was performed in
Tyemkin-Schwarzman method in the temperature range from 250 C to 4500 C. To evaluate
energy potentialities of the reactions under considerations, specific energy capacity value w was
computed (W/h.cm3) according to the following equation: w = AGT • p / (3600 • M)
where p is density, g/cm 3; M - molar mass, g/mole.

Inasmuch as in the ideal electrochemical system thermodynamically reversible
transformation of chemical matters takes place, the maximum electric work performed therewith
is equal to isobar-isotherm potential variation. Therefore, analysis of specific energy capacity
characterizes theoretical (thermodynamic) energy properties of different matters.

From the quantitative point of view as regards hydrogen obtained at decomposition of I
mole of initial reagent, the most promising feedstock proved to be ethanol (6 H2 moles as per
reaction (3) and 4 moles as per reaction (6); acetic acid (4 moles as per reactions (4) and (9); and
methanol (3 moles of H2 as per reaction (5). Thermodynamic analysis of these reactions shows
that they can not be realized under low temperatures. Methanol conversion becomes
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thermodynamically possible at temperature exceeding 500 C. The rest of the listed matters
decompose under considerably higher temperatures which is undesirable for the usage with fuel
elements. This raises the question to the reactions with lower hydrogen yield but occurring under
low temperatures. Such are reactions (1), (2), (6).

Analysis of the amount of energy capacity dependence on temperature reveals that the most
promising feedstock for hydrogen synthesis in fuel elements is formaldehyde and formic acid. It
needs to be noted thereat that with temperature increase specific energy capacities corresponding
to the reactions (4) and (9) are increased more rapidly and at temperatures -~ 400-450' C begin to
exceed energy capacity of (1) reaction.

The performed analysis suggests that further investigations should be focused on the
following:

"* development of the portable fuel elements on basis of methanol;
"* development of the portable fuel elements on basis of formaldehyde and formic acid;
"* development of high-temperature ethanol conversion processes.

8. HPOFPAMMHhIHf H1AKET )JI5 MOLJEJ1HP0BAHH51 KHHETHIIECKHX
HPOUECCOB HI 3MHCCHOHHhI1X CHEKTPOB B ]FA30PARP5AHoft HJIA3ME

A.B.Xmapa, IOA(D.KoJIeCHn-ieH-Ko

Hucmumym Bblco~ux Temnepamyp PAH, MocKea, POCCUR

rlpegCTaB.ieH riporpamMHbIIrl naKeT )I~JIA moajtJHpOBaHH5I KHHeTH1 IjeCKHx rnpojjecCOB H

9MHCCHOHHbIX cHeKTpOB B Fa3opa~p3IXaHOR i Ja'3Me. flaKeT COCTOHT H3 B3aHMOCBSI3aHHbIx

HporpamMHEbix 6.rlOKOB, ripe.I4Ha3HameHHEJX )J3 pemueHH1 HeKOTOpbIX 6a3oBbIx 3aga',-i, CB5313HHbix

C HepaBHOBeCHbIMH Fa3OBbIMH cpe~aMH.
COCTaBhlsnonlwe na~e~a o6pa3yIoT cjiexty1owy1o HepapXHIO:
1. ogg.1epXKHBaemasI 6a3a gaHHbIX "BBASE 5" XHMtIqecKHx, 3Heproo6meHHbIx H 3apS{go-

BbIX peaKUHR (oKonio 6000 peaKuiwii, cBriiue 15000 3anHceR AJI31 KOHCTaHT CKOPOCTH peaKLIIIHi H3

6onee 1300 JI~p~y~I HCTO'qHHKOB - no COCTOSIHHIO Ha KOHeLu map~a 2006 r.),
onl~cbi~aionwIX B0392yX C pa3YIHtIHbIMH, B TOM 'q~cjie. H rOPIO'IHMH, ripHmec51MH B

HepaBHoBecHb1x ycJIOBH51x;

2. riporpamma ~cnieHHoro pemenHsi ypaBHeHHSI 13JIbilmaHa gnim pacnipegzeiieHl4A 3JIeKTpo-

HOB HO 3HepFH31M B Fa3OBLIX cmecsiX BO BHHIUHeM 3jieKTpHtICCKom rnojie "EEDF", cHa6KxeHHasI
6a3oiri RIaHHb6IX )JRns Ha6opoB cetieHI4 CToJIKHOBeHHrH 3j~eKTpOH-HeHTpaJl B pa3YIHTqHbIX ra~ax
(HHepTHbIx, N2, 02, H2, CO, C0 2, 0, H, yr.ieBoatopoaax, rairHamie~I yrfleBogopograx

3. re~epa~op KHHeTH'ieCKHX mexaHH3MOB "KINGEN", CB513aHHbri~ c "BBASE 5" H4 "EEDF"
H rnpeJHa3HatieHHb~ri ARAS CHHTe3a H HaKoriiJiHHS1 6a3bi JtaHHbIX KHHeTHqeCKHX mexaHH3MOB

"kinetic mechanisms database" TaKHx, HanipHmep, KaK "cyxoiri B03JIyx" (N/0), :"Bjla>KHbIH
B03jqyX" (NbO/H), "rOPIOtiHe cmecH Bo3gryxa c yrneBoxgopoJgamH" (N/b/H/C);

4. riporpamma peiiueHHs CHCTem 3BOJIIOLIHOHHbIX ypaBHeHHrl ARA5 KOHL~eHTpaU]HR BeL~ecTB

"KIlN", HCHIOJIb3yioiiaSI B iKa'IeCTBe BXOJAHbIX alaHHblX mexaHH3MbI H43 "kinetic mechanisms
database", BKJ11Otiaioiiijasi cripaBOt IHHK HiO TCpMOJU4HaMH'IeCKHM CBOR4CTBaM HHgIHBHJ4yaJIbHbix

Be1igeCTB H BcTpOeHHblii o6pa6OTxIHK crieicTpOB;
5. riporpamma "SPECTRA 2", ripeg~HaHat-ieHHaA ;uiA o6pa6oTKH 3KCn~pHMeHTajibHbix

OMHCCHO0HHb1X CHeKTPOB aTOMOB H mojieKyJI IIPH yc.J1OBHH TOfO, tiTO peaJib~bie cHCKT~bI

51BJIASIOTC51 MHoroKoMrIOHeHTHbIMH.

H~porpamMHhIii naKeT pa3paGoTaH avIs oriepaLXHOHHOR CHCTeMbl MS Windows.
HIpHBe~naeHbl TaK)Ke I1pHmepbi riHmeHM HH5I na~e~a IIPH HcjejOa1A C1314

ra3opa3p3UAHOR flJIa3mbi.
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8. SOFTWARE PACKAGE FOR KINETIC AND SPECTRA EMISSION MODELING
OF GAS DISCHARGE PLASMA

D.V.Khmara, Yu.F.Kolesnichenko
Institute of High Temperatures RAS, Moscow

Software package for modeling of kinetic processes and spectra emission of gas discharge
plasma is introduced. The package consists of interrelated software items, which are assigned for
solving of some basic problems connected with non-equilibrium mediums.

The constituents are:
1. the continuously maintained database "BBASE 5" for chemical, energy exchange and

charged reactions (about 6000 reactions, above 15000 records of rate constants from above 1300
literature sources - at the end of March 2006) is adapted for non-equilibrium air with various
admixtures included the combustible admixtures;

2. the solver of Boltzmann equation for electron energy distribution function in gas
mixtures "EEDF" supplied by the database for cross sections sets for various gases (the noble
ones, N2, 02, H2, CO, C0 2, 0, H, hydrocarbons, halocarbons, etc.);

3. the generator of kinetic mechanisms "KINGEN" joined with "BBASE 5" and "EEDF"
and assigned for the storage of kinetic mechanisms database (for example "dry air", "humid air",
"combustible mixture of air and hydrocarbons");

4. the solver of the set of kinetic equations for species concentrations dynamics "KIN" with
input data from kinetic mechanisms database is included, as well as a handbook for
thermodynamic properties of individual substances with corresponding database and embedded
spectra processor;

5. the spectra processor "SPECTRA 2" is adopted for processing of experimental emission
spectra under conditions of theirs multi-component composition.

The software package is designed for Windows environment. Examples of the package
application to problems of MW discharge plasma investigation are also presented.


